





CONTENTS OF PREVIOUS NUMBER 





AUGUST, 1933. NUMBER 2 


Constituents. Gulli Lindh Muller, 
M.D., and Clark W. Heath, M.D., Boston. 


Effect on the Reflexes of the Carotid Sinus of 
Raising the Intracranial Pressure. C. M. 
Guernsey, B.S.; S. A. Weisman, M.D., and 
F. H. Scott, M.B., Ph.D., Minneapolis. 


Absorption of Dextrose by Rectum. William 5S. 
Collens, M.D,, and Louis C. Boas, M.D., 
Brooklyn. 


Pleurisy in Rheumatic Fever: Clinical Obser- 
vations. Walter K. Myers, M.D., and Eugene 
B. Ferris, Jr., M.D., Boston. 


Book Reviews. 





Corrzicsr, 1933, sy tue Auzrican Megpicat Association 





Archives of Internal Medicine 
ea "SEPTEMBER, 1933 é Nuwage 3 


VoLtuME 52 








ULTIMATE RESULTS OF THORACOPLASTIC OPER- 
ATIONS IN PULMONARY TUBERCULOSIS 


J. WIENER, M.D. 
AND 
MAURICE FISHBERG, M.D. 


NEW YORK 


In evaluating the ultimate results attained in the surgical treatment 
of pulmonary tuberculosis, the vast majority of authors have based 
their opinions on statistics showing the proportion of patients who have 
recovered, improved, remained unchanged or died. While the number 
of cases reported statistically has, on the whole, been ample, it appears 
that most authoritative investigators have not felt completely convinced 
that their statistics were entirely conclusive regarding the value of this 
mode of treatment. This is clearly seen from the writings of Sauer- 
bruch, John Alexander and others. Few authors have given adequate 
details of a long series of cases, describing the clinical history of each 
patient before and after the operative procedure. 

As the statistical results attained by this form of treatment at the 
Montefiore Hospital—and what is more important our impression as 
practicing physicians regarding the benefit to the individual patient— 
differ drastically from those reported from other institutions, we have 
decided to publish our cases in detail. Each case is treated as a unit— 
each patient as an individual and not merely as one in a series. The 
salient points in the history of the patient before operation are given, 
and the course of the disease after operation is described. We believe 
that only thus can the clinician form an opinion as to the ultimate results 
attained by the various thoracoplastic operations in vogue during recent 
years. 

Our clinical material is of unusual diversity for it comes from two 
institutions, the country sanatorium where patients with early or hopeful 
cases are admitted and the hospital in the city where those with advanced 
and progressive cases are cared for. All surgical operations are per- 
formed in the hospital, and the patients requiring treatment after opera- 
tion are sent to the sanatorium for convalescence or further rest 


From the Tuberculosis Division of the Montefiore Hospital and its sanatorium 


at Bedford Hills, N. Y. 
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treatment under our observation. Moreover, the social service depart- 
ment follows each patient after discharge, urging recalcitrant ones to 
attend the outdoor clinic. All this enables the staff to follow each case 
throughout its clinical course. Only rarely have we had to obtain 
information as to the condition of the patient by mail. 

It will be noted from the histories of the cases here reported that 
nearly all of the patients had been given therapeutic pneumothorax, 
which may or may not have been effective in ameliorating the symp- 
toms, but sooner or later it had to be abandoned because of pleural 
effusions, obliterative pleuritis and similar conditions. In others, the 
pneumothorax treatment was effective in staying the course of the dis- 
ease; the patient recovered and returned to industrial activity, but 
sooner or later a relapse occurred. Attempts at reinduction of pneumo- 
thorax proved futile because of pleural adhesions. Hence, thoraco- 
plasty was done with a view to collapsing the affected lung. 

Of course, the ideal patient for thoracoplasty is one with a uni- 
lateral lesion tending to sclerosis, with mild or but slight symptoms of 


progressive disease. Patients with bronchopneumonic lesions, with the 


disease pursuing a dynamic clinical course, with high fever and other 
symptoms, almost invariably respond adversely to the operation. In 
other words, patients suitable for thoracoplasty in any of its forms 
usually get along fairly well and are not in imminent danger, even 
though febrile exacerbations disable them for days or weeks at irregu- 
lar intervals. But they recuperate to the degree that they feel quite 
comfortable. During the periods of recession of dynamic activity many 
are not fit for remunerative callings because of the cough, more or less 
copious expectoration, perhaps some subfebrile temperature, fatigability 
and liability to exacerbations coming with, or without, any obvious 
cause. These patients are apt to beg for anything that may relieve 
them; they do not want to remain invalids or inmates of institutions 
for life. 
ACTIVE PARENCHYMATOUS CASES 

The following are some cases of this type: 

Case 1—A. H., a woman, aged 28, was admitted to the hospital on May 6, 
1924, with a history of an attack of pleurisy five weeks previously. Examination 
showed extensive bronchopneumonic infiltration throughout the left lung. The 
course was active and febrile. She was transferred to the country sanatorium, 
where therapeutic pneumothorax was induced and was continued for eight months 
with, on the whole, unsatisfactory results. Despite the frequent acute febrile 
attacks, which the pneumothorax failed to prevent, and signs of a sclerotic lesion 
in the apex of the right lung, we considered her a good operative risk. The opera- 
tion was done in two stages, on Nov. 29 and Dec. 22, 1926. In the early months 
of the following year, 1927, as long as the patient remained in the hospital she 
continued afebrile; her general condition was good, but the physical and roentgen 
signs still indicated cavitation in the collapsed lung. In May, 1927, she was 
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again transferred to the sanatorium, where her general condition continued good, 
but the signs of cavitation persisted. In December, 1928, she was discharged. 
Since then she has remained at home and attends the outpatient clinic regularly. 

She attends to her household duties, but because of fatigability and mild febrile 
exacerbations, which have of late been rather short-lived, she has not engaged in 
any gainful occupation. It appears to us that if the symptoms, physical findings 
and roentgen signs are taken into consideration, she could be considered by any 
clinician a suitable subject for thoracoplasty. 

Case 2.—P. B., a man, aged 28, a salesman, was admitted to the hospital on 
June 10, 1926, with a history of recurrent hemoptysis for seven years, fever, cough 
and expectoration. For copious and threatening hemorrhages, a hemostatic pneu- 
mothorax was attempted, but it failed to stay the bleeding. On examination, an 
extensive right-sided lesion with cavitation of the upper lobe and a markedly 
thickened pleura were disclosed. Trachea, heart and mediastinal contents were 
displaced into the right side of the chest. A two-stage operation was performed 
on June 12 and July 9, 1926. Within a few months after the operation, the 
patient’s cough and expectoration lessened, and he felt somewhat improved. He 
was discharged from the hospital in August, 1926. On follow-up, a report from 
his doctor in December, 1928, revealed that he was not symptom-free. On 
Aug. 7, 1929, the report from the same doctor was to the effect that the patient 
was working as the village clerk for a few hours daily. The last report on 
June 7, 1932, is to the effect that he is still engaged as the village clerk. How- 
ever, he is not free from symptoms of tuberculosis; he still coughs, expectorates 
and cannot work regularly, being incapacitated now and then by symptoms of 


activity. 


In this case the patient has survived for six years following thoraco- 


plasty and for thirteen years since the onset of his tuberculous disease. 


He has not been fit to reengage in his occupation because he is still 
suffering from the symptoms of chronic phthisis and is unfit for work 
requiring regularity and persistence. 

Case 3.—A. G., a woman, aged 40, was admitted to the hospital on Jan 
1929, with a history of cough and expectoration for two years. A year after the 
onset, she became actively febrile and suffered from hemoptysis. Six pneumo- 
thorax insufflations were given in 1928 without benefit. Examination at the time 
f admission revealed an extensive fibrocaseous and cavernous lesion of the left 
lung showing strong tendencies to fibrosis. During her stay in the hospital she 
was afebrile and ambulant, and gained 20 pounds (9 Kg.) ; she was discharged on 
Feb. 4, 1930. After being home for a short time, she was readmitted to the 
hospital because of a subacute exacerbation, and on routine treatment she again 
improved and gained 30 pounds (13.6 Kg.) in weight. She was again discharged, 
but at home symptoms of activity recurred. She was readmitted to the hospital 
on May 22, 1931, and one week later phrenicectomy and thoracoplasty were per- 
formed without any immediate untoward effects, except that pain at the site of 
the operation persisted. Six months after the operation an examination revealed 
physical and roentgen signs of an uncollapsed cavity in the upper lobe of the 
left lung. However, her general condition was considered excellent for the time 


being, and she was discharged on Feb. 6, 1932. 


Our clinical opinion is in the direction of considering the patient’s 
present state as one of remission in activity, such as had repeatedly 
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occurred before the surgical intervention. She is still sick with chronic 
pulmonary tuberculosis, coughs and expectorates, and is unfit to 


engage in any gainful occupation requiring steadiness in activity. She 


is dyspneic on slight exertion and tires easily. She had these same 
symptoms for three years before the operation was performed. 


Case 4.—F. B., a woman, aged 25, was admitted to the hospital on Jan. 29, 
1925, with a history of having tuberculosis for five years which followed a sluggish 
course. Examination disclosed a unilateral lesion confined to the right lung with 
extensive cavitation in the upper lobe and evidence of marked fibrosis. The tem- 
perature ranged between 100 and 103 F., and the patient was losing weight. Thora- 
coplasty, first stage, was performed on April 18; the second stage, on May 6, 
and phrenicectomy, on July 15. Seven months later, the following note was 
entered on the chart: “Numerous large consonating rales and bubbles in upper 
half of the right chest, indicative of cavitation, clearly s¢en on the roentgenogram, 
and marked dextrocardia.” The patient’s general condftion was satisfactory; n 
toxic symptoms were present, and she had gained in weight. She was then trans- 
ferred to the sanatorium, where she remained for twenty months. From there she 
went to a private sanatorium, and has continued to be under medical care, as 
she had been prior to the operations performed seven and one-half years ago. 
She is still “taking the cure.” 

Case 5.—R. H., a woman, aged 42, was first seen on April 10, 1923, with a 
history of a bronchopneumonic onset. At the sanatorium a therapeutic pneumo- 
thorax was induced with beneficial results, and she was discharged improved on 
April 17, 1925. She remained home in fairly good health for three years and 
was admitted to Montefiore Hospital on May 30, 1927, because of symptoms of 
reactivation of the disease. We then found symptoms and signs of cavitary 
phthisis in the right lung, a thickened pleura and dextrocardia. In fact, the signs 
indicated changes not unlike those obtained after an average successful thoraco- 
plasty. Because of persistence of constitutional symptoms, surgical intervention 
was decided on. 

The first stage of thoracoplasty was performed on July 12; it was followed 
by postoperative shock, lasting twenty-four hours. The second stage was done 
on July 19. For the next two years the patient remained in the hospital or the 
sanatorium, alternately, continuing “the cure.” She was discharged on May 26, 
1929, feeling fairly well, and went home and attempted to do her housework. A 
sudden, copious hemorrhage, followed by cough, weakness and moderate fever, 
again disabled her. During the next four months, she lost 35 pounds (15.9 Kg.) 
in weight. Examination in December, 1930, revealed signs of extensive infiltra- 
tion and a large cavity in the right upper lobe which the surgical collapse failed 
to obliterate. There was a dense pleuritis over the lower half of the right lung, 
marked dextrocardia and a fibroid process in the left upper lobe. 

On Sept. 20, 1931, she again had a profuse hemorrhage. She continued to 
bleed for eight days. It appears that her general condition hardly differed from 
what it had been previous to the operative intervention. A noteworthy phenome- 
non is that this patient who never bled prior to the operation has since then sus- 
tained three copious pulmonary hemorrhages. She is bedridden, dyspneic and 
unfit for any worthwhile activity. She was discharged on Nov. 10, 1932. She is 
still under treatment for pulmonary tuberculosis. 

Case 6.—Y. W., a woman, aged 25, was admitted to the hospital in March, 
1927, with a history of an acute onset in January, 1927, followed by hemoptysis 
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\larch, 1927. Pneumothorax was induced, collapsing the left lung The treat 
t was effective; the patient felt well and was afebrile, but insufflations had 
he discontinued within eight months because of pleural adhesions She 
discharged in March, 1929, the process being considered quiescent. At home 
suffered exacerbations of symptoms, which necessitated readmission on Sept 
1929. She remained until June 11, 1930, when she was transferred to another 
spital. At the time of the present readmission to Montefiore Hospital on Oct 
1930, she showed signs of extensive fibrocaseous tuberculosis throughout the 
ntire left lung, with a large cavity in the upper lobe. Constitutional symptoms, 
ugh, expectoration and moderate fever were pronounced. Marked fibrosis ot 
e lesion with a narrowing of the entire left hemithorax and sinistrocardia were 
lient features of the case. The right lung did not show any physical signs ot 
ictive tuberculosis, but a roentgenogram revealed an old calcific area 
Phrenicectomy was performed with no apparent effect on the cough or expec- 
oration. Thoracoplasty was performed in three stages on Jan. 1, March 9 and 
April 15, 1931, and again no immediate salutary effects resulted. The patient 
mplained of tightness in the left side of her chest, dyspnea and marked difficulty 
raising sputum. One year after the operation, a marked collapse of the left 
mithorax was evident, but the cavity in the upper lobe was clearly obvious 
Periods of fever of 102 F., lasting several days or weeks, interspersed by afebrile 
periods have been salient features of the case 


Evidently here the operative intervention has not in any way favor- 


1 
if 


ibly altered the course of the disease; the chronic, slowly progressive 


course with exacerbations and remissions remained as before the oper- 


ation. After the lapse of another year, no favorable change is evident, 
] 


but the patient has annoying tachycardia, palpitation and cyanosis. 
She is bedridden. 


Case 7.—P. W., a woman, aged 22, was seen on April 1, 


1924, with a history 
an insidious onset eight months previously. The last four months the fever 
vas high and continuous. Artificial pneumothorax was induced on the right side 
\pril 24. The results being unsatisfactory and fever continuing high, she was 
transferred to the hospital on May 27. Here it was noted that the failure of the 
pneumothorax therapy was evidently due to inadequate collapse of the lung; a 


caseous lesion in the lower lobe could not be collapsed because this portion of tl 


was anchored by adhesions, while the cavity in the upper lobe had also 
remained open. The left lung was apparently free from active disease. Surgical 
intervention was decided on. Phrenicectomy was first performed on June 24, and 
one month later, July 25, the first stage of thoracoplasty was started. After the 
second operation, performed on October 5, the patient reacted with rather severe 


shock. The pulse rose to the rate of 140 and became very weak. 
nan 


Active stimula- 
was required. Two months subsequent to the second stage, the patient 
appeared improved; the cough and expectoration lessened. Six months postoper- 
itively, her general condition was considered encouraging. She was ambulant, 
ifebrile and gained 26 pounds (11.8 Kg.) in weight. She was transferred to the 
sanatorium, where she remained for a year and was finally discharged with the 
rocess “arrested” on April 16, 1927. One year later she suffered from a relapse 

the symptoms indicating activity of the disease. She was readmitted to the 
inatorium in October, 1928, and remained there until January, 1930, at which time 


pulmonary lesion was found quiescent and the sputum negative She was 
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considered fit to work six hours a day as a nurse’s attendant. In December, 1931, 
she suffered another relapse and was readmitted to the sanatorium as a patient 
Physical and roentgen evidence of a bronchopneumonic lesion in the contralateral 
part of the lung was found, and the sputum again became positive for tubercle 
bacilli. The patient improved on routine therapy, finally becoming symptom-free. 
Physical and roentgen examination revealed that the bronchopneumonic process 
in the left lung had undergone almost complete involution. It is noteworthy that 
the right lung, collapsed by the thoracoplastic operation, was apparently unaffected 


during this episode. 


In retrospect, we find in this a case of intensely chronic pulmonary 


tuberculosis with the commonly observed cyclic course: exacerbations 
interspersed with remissions. The patient is still tuberculous clinically. 
That the thoracoplasty contributed to her comfort or prolonged her life 


is Open to question. 


Case 8.—C. G., a woman, aged 25, was admitted to the hospital on March 5, 
1929, with a history of bronchopneumonic onset of nine weeks’ duration. Or 
admission we found an extensive bronchopneumonic process in the left upper lobe 
with moderate-sized cavity formation below the clavicle. Pneumothorax was 
attempted, but no effective collapse could be obtained because of pleural adhesions 
Under expectant treatment the patient felt well, became afebrile and gained 4 
pounds (18.1 Kg.) in weight. Six months later, it was noted that in spite of the 
gain in weight she felt worse subjectively. She coughed excessively, had a sub- 
febrile temperature and was short-winded. Physical and roentgen examination 
revealed an extensive fibrocaseous lesion involving the entire left lung and_ the 
cavity enlarged involving the entire upper lobe. Thoracoplasty was performed in 
two stages, on Nov. 12, and Dec. 3, 1930. The postoperative course was stormy 
after each stage. Cough and expectoration were reduced for a few months, but 
again increased to the original intensity. On Jan. 28, 1931, a supplementary 
phrenicectomy was done. Roentgen examination showed that the cavity was not 
markedly reduced in size, despite thoracoplasty and phrenicectomy. 

In April, 1932, she still had tachycardia and dyspnea; cough and expectoration 
persisted, and the sputum was still positive for tubercle bacilli. Physical and 
roentgen signs still showed unequivocal evidence of extensive tuberculosis through 
out the entire left lung with multiple cavities of the upper lobe. In the vocabulary 
of the sanatorium the process might still be considered “quiescent,” but by no means 
“arrested.” 

Case 9.—W. G., a man, aged 28, was admitted to the sanatorium in July, 1932 
The onset of his condition in March, 1926, was bronchopneumonic in type with 
hemoptysis. He was at a sanatorium for one and one half years, where pneumo- 


thorax was induced and continued during the entire stay. He was discharged wit 
no symptoms of active disease and negative sputum. He remained well for two 
years, when a relapse occurred. Thoracoplasty was performed in December, 1931, 
and in May, 1932. The delay between the two stages was caused by a severe 
infection of the wound complicating the first operation which healed only after 
lapse of three months. However, the cavities have remained open in the upp¢ 
lobe. The patient is afebrile, but suffers from marked asthenia. The sputum is 


r 


still positive, and he must continue “the cure” at the sanatorium. 


Case 10.—B. R., a man, aged 26, had cough, fever and hemoptysis in 1927. He 
lived in a tuberculosis health resort until 1931. He received pneumothorax therapy 
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the right side from June, 1928, until October, 1930, when it had to be aban 

ned because of obliteration of the pleural cavity. Following the cessation of 
pneumothorax, a flare-up occurred, and he was referred to Montefiore Hospital 

r surgical treatment. Thoracoplasty was performed in March, 1932, and at 
present a marked collapse of the right lung following both an anterior and posterior 
costectomy is the result. However, the roentgen picture reveals the fact that the 
cavity remains open and the sputum is still positive for tubercle bacilli. The 
patient is still at the sanatorium and, though afebrile, he continues to cough, 
expectorates copiously and is unfit for work. 


Case 11.—S. D., a man, aged 23, was admitted to the sanatorium on March 12, 
1930. His condition began in December, 1929, with an exudative lesion in the left 
lung. Pneumothorax was induced and continued for fifty-four weeks but had to 
be discontinued because of obliteration of the pleura. The patient was discharged 
as “quiescent,” because for many months no marked constitutional symptoms were , 
observed. He worked part time in the Altro workshops. Though no pronounced 
symptoms of progression were evident, he was urged to submit to surgical 
treatment. 

Thoracoplasty was performed in several stages from January to March, 1932. 
No disabling symptoms were present before the operation, and none occurred sub- 
sequently. He was referred to the sanatorium for convalescence. At present, fol- 
lowing an anterior and posterior thoracoplasty there are signs of an infiltrative 
lesion of the left upper lobe, and though the cavity appears smaller, he again has 
annoying symptoms; he coughs and expectorates. In fact, he has the same symp- 
toms he had before the operation. He was more or less disabled by intensely 
chronic phthisis and remained so after the surgical operation. He was doing part 
time work at the Altro shops before the operation; he has been unfit to work since 


he surgical intervention. 


Case 12.—E. B., a man, aged 20, had a bronchopneumonic onset in March, 
1929. He did well in the mountains for a while, but in April, 1931, had a hemor- 
rhage, and pneumothorax was induced on the left side and continued until August, 
1931, when it was discontinued because of a complicating pleural effusion. Thora- 
coplasty was performed in September and October, 1931, in an attempt to collapse 
the cavity. Since the operation he has felt well, but the cough and expectoration 
have continued. At present, physical signs reveal a thoracoplastic collapse of the 
‘it side, with the cavity still open and a fibronodular lesion on the right side with 


many consonating rales heard in the upper lobe. He is still taking “the cure” at 


u 
he sanatorium. On Feb. 3, 1933, the sputum was found to be positive. The 


itient’s condition is classified as “quiescent,” as it was before the thoracoplasty, 
nd he is unable to work. The pulmonary cavity is clearly visible 
oentgenogram. 


Case 13.—S. N., a woman, aged 24, was admitted to the hospital on Feb. 1, 
1926, with an exudative lesion involving the lower lobe of the left 
ductive lesion at the apex of the right lun; For over tw 
veral episodes of exacerbation with long iods of remission. In 

neumothorax on the left side was induced. However, the cavity in th 
is not collapsed by the pneumothorax; symptoms of activity continued, 
ndition was still considered progressive. 
The first stage of thoracoplasty was done on Nov. 5, 1930. Four of 
ere resected. The immediate postoperative condition was good. On N« 
19, the second stage, resection of the remaining ribs was completed. Within two 


ks it was noted that while the intensity of the cough had not diminished, the 
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expectoration had become less. For the ensuing year there were exacerbations 
and remissions of the febrile course similar to those observed before surgical 
intervention. 

In an attempt to control these symptoms and to secure better collapse of th 
cavity of the upper lobe, a supplementary anterior costectomy was performed on 
Feb. 5, 1932, the four upper ribs being removed. 

On April 19, 1933, examination revealed that constitutionally there had been 
no change in the patient’s condition since the anterior costectomy. She still 
coughs and expectorates, although she is afebrile; she is in the hospital suffering 
from symptoms of chronic phthisis, and unfit to do anything requiring exertion. 


BILATERAL ACTIVE LESIONS 

In several instances we have had thoracoplasty performed on patients 
with bilateral active lesions. There are cases in which one lung has an 
extensive cavitary lesion secreting a considerable amount of sputum, 
while in the contralateral lung there are fibroid changes, which may 
be considered sclerotic or at most quiescent. It is remarkable that only 
rarely is activity or extension of the lesion in the contralateral lung 
responsible for failure of the thoracoplastic operation. It has been our 
experience that when activity of the disease manifests itself after a 
thoracoplastic operation, it is due to a newly appearing lesion in the 
contralateral lung, most frequently in the midzone or even in the lower 
lobe, or to flaring of the lesion in the side operated on, which becomes 
progressively active, caseation and liquefaction taking place in the tissues 
that were hitherto quiescent. In these cases the patient, afebrile before 
the operation or having but a slight subfebrile temperature, suffers from 
high fever, which at first is considered the usual postoperative flare, 
but continues for weeks till a fatal termination of the case. 


Case 14.—D. R., a woman, aged 23, had pulmonary tuberculosis in 1922, 


remained at home for eighteen months, and then was admitted to the sanatorium in 
August, 1924. Therapeutic collapse of the left lung was performed in 1924, with 
fair initial results. However, she had a relapse of her symptoms in 1925 and 
went to another sanatorium for three months, but was discharged because the 
lesion was considered progressive. She remained in a mountain resort for several 
months, and then returned to the sanatorium of Montefiore Hospital in August, 
1927, remaining until April 2, 1928, when she was transferred to the hospital. On 


f+ 


this admission we found an extensive fibrocaseous and cavitary lesion in the lef 
lung, a partial pneumothorax and a thickened pleura with a serous effusion, which 
soon absorbed. She suffered from fever, severe cough, copious expectoration, 
weakness, night sweats and loss of weight. On May 24, the first stage of 

thoracoplasty was performed. She suffered a severe febrile reaction, and signs of 
involvement of the contralateral lung appeared. The fever subsided somewhat, 
on May 31 the second stage was done. Surgical shock ensued. She appearec 
be somewhat improved for the next few days, but six days after the second stag« 


a 
1 + 
it 


pulmonary edema developed and death occurred. 
Case 15.—F. R., a woman, aged 23, was admitted to the hospital in October 
1929, with a history of tuberculosis of one and a half years’ duration. She was it 
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inicipal sanatorium for six months, where she did quite well until four m« 


re this admission, when a febrile condition developed. On her admission to 
ntefiore Hospital we found a fibrocaseous involvement of the entire right lung, 
vith cavitation in the upper lobe. A therapeutic pneumothorax was induced on 
October 29. A pleural effusion developed within three months, but she appeared 
to be doing fairly well. Pneumothorax therapy was continued for two years, but 
the collapse of the lung was never complete; a large cavity in the lower lobe 
remained open, and the pleural effusion persisted. Phrenicectomy was performed 
1 June 25, 1931, but this had no favorable effect on the symptoms. On November 
18, the first stage of a thoracoplasty was performed. One and a half hours after 
peration, surgical shock developed with cyanosis, a fall in the temperature of the 
xtremities and other symptoms. In spite of vigorous stimulation, the patient died 
three hours after the operation. 
{utopsy (Dr. D. Perla).—The anatomic diagnosis was: induced pneumothorax 
and phrenicectomy, right side (clinical) ; recent paravertebral thoracoplasty on the 
chronic pulmonary tuberculosis with cavity formation in the right lung; 


itelectasis and fibrosis of the right lung with bronchiectasis; tuberculous pneu- 


monia of the right lower lobe; pleural effusion on the right side, and tubercles in 
he spleen. 

Examination of the lungs showed the right to be shrunken to one half the size 
of the left and very firm. The anterior and lateral surfaces were covered by a 
markedly thickened pleura which measured from 1 to 2 mm. The upper lobe was 
reduced to a little more than the size of a large plum. It was deeply anthracotic 
and fibrotic, containing a few small areas of collapsed pulmonary tissue and a 
number of areas of caseous material, in places breaking down to form cavities into 
which bronchi could be traced. In the midportion of the lung laterally there was a 
avity the size of a hen’s egg, which was filled with buff-colored material and was 
lined by a shaggy caseous membrane. Below this there was a_ tuberculous 
pneumonia. 

Case 16.—H. V., a man, aged 36, was admitted to the hospital on March 25 
1927, with a history of having had an operation for ischiorectal abscess three years 
previously, followed by “pneumonia,” which was later diagnosed as tuberculosis. 
On admission, we found a far advanced chronic pulmonary tuberculosis, fibro- 
caseous in type, involving the entire right side, with cavitation and thickened 
pleura. The course was febrile, and the patient was becoming progressively worse. 
rhoracoplasty was performed, the first stage on November 6, and the second 

on November 16. Following this, bronchopneumonia developed on the 
side with pulmonary edema, and the patient died on November 21. 


as 
f 
lett 


Autopsy (Dr. Perla).—The pleura of the left lung showed extensive sheetlike 
thickening throughout. Numerous small, fibrotic, discrete, conglomerate tubercles 
showed miliary distribution. There was nontuberculous bronchopneumonia of the 
lower lobe. The right lung was of a firm, nodular consistency. At the apex and 
t the base there were occasional discrete, conglomerate tubercles. Near the pleural 
surface was an area of encapsulated and slightly necrotic caseous material, 7 mm 
in diameter. The cavity had a yellowish-white, purulent lining and a fibrous wall. 
The lower lobe showed another large cavity, having a firm, fibrous wall and a 
thick, dull-grayish lining. The remainder of the pulmonary tissues between the 
ivities and in the apex above showed marked fibrosis. 

Case 17.—M. F., a woman, aged 29, was admitted to the hospital on April 10, 
1930, with a history of an insidious onset. In 1926, she was in a sanatorium for a 
year; subsequently she was successively in two hospitals for advanced tuberculous 
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disease. Eight attempts were made to induce a pneumothorax, with little if any 
benefit. On admission we found an extensive fibrocaseous lesion with cavitation 
in the left upper lobe and marked pleural thickening. The right lung was appar- 
ently normal. Under observation, it was found that the temperature ranged 
persistently around 100 F., and cough, expectoration and weakness were present 
On November 19, a left phrenicectomy was done. The result was paralysis of the 
left vocal cord, but practically no elevation of the diaphragm. On Jan. 8, 1931, 
another attempt to paralyze the diaphragm was made, which proved futile. Or 
February 4, the first stage of thoracoplasty was performed. Fever as high as 
104 F. developed, and the patient complained of severe pains in the operative region 
This febrile reaction continued for a month, finally becoming hectic, and the patient 
died on March 11. 

Autopsy (Dr. Perla).-—The anatomic diagnosis was: chronic bilateral pul- 
monary tuberculosis with cavity formation, tuberculosis of the large intestines and 
bronchopneumonia of the right lower and middle lobes. 

In the left lung the pleura was considerably shrunken, thick and covered with 
thin fibrous sheets. The upper half of the upper lobe was replaced by a sing! 
large cavity with a rather smooth grayish wall. The remainder of the lung was 
atelectatic, fleshy and contained many fibrocaseous nodules. 


The right lung showed nontuberculous bronchopneumonia. 


Case 18.—S. B., a man, aged 26, was admitted to the hospital on July 13, 1930, 
with a history of cough, fever, hemoptysis and emaciation for one year. He spent 


several months in the mountains in 1929, but after a slight initial improvement, the 
disease again became progressive. In April, 1930, phrenicectomy was performed 
at another hospital, and was promptly followed by paralysis of the vocal cords 
On his admission to Montefiore Hospital, we found an extensive bronchopneumonic 
type of infiltration throughout the right lung. The right side of the diaphragm 
was normal, apparently unaffected by the attempted phrenicectomy. Thoracoplasty 
was performed in two stages on Jan. 21, and Feb. 19, 1931. Following the second 
stage, the patient went into severe postoperative collapse. Subcutaneous emphy- 
sema complicated the cfinical picture. Two days later he had a brisk hemorrhage. 
Seven days postoperatively, the temperature dropped below normal, and_ the 
emphysema disappeared. He continued to expectorate blood-streaked sputum and 
had several copious hemorrhages during the next four months. He died from 
exsanguination and cerebral anemia on July 16, 1931. 

Autopsy (Dr. Perla)—The anatomic diagnosis was: chronic bilateral pul- 
monary tuberculosis with a cavity in the right lung, bronchiectasis of the right 
lung, chronic passive congestion of the liver and spleen and fatty metamorphosis 
of the liver. 

Case 19.—F. H., a woman, aged 34, was admitted to the hospital on Feb. 25, 
1931. Four years previously, after the birth of her second child, she noted blood- 
streaked sputum. She was reassured by her physician, who considered it of 
trifling significance. Two and a half years later, symptoms of active tuberculosis 
developed. In September, 1929, she went to Denver, where a left-sided phrenicec- 
tomy was performed. Therapeutic pneumothorax was attempted, but failed becaus« 
of pleural adhesions. She was admitted to the sanatorium on Aug. 20, 1930, where 
the course of the disease was progressive. She was transferred to the hospital for 
thoracoplasty. On her admission we found a far advanced exudative lesion involv- 
ing the entire left lung with a giant cavity in the upper lobe. On March 21, 1931, 
thoracoplasty was performed. For the next two months, she continued febrile. One 
month later, a copious hemorrhage occurred. Clinical and roentgen examination 
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hree months postoperatively showed good collapse of the lung, but there remained 
lraining sinus in the lower end of the operative wound. She became subject to 
psychosis and was transferred to another hospital. She died on Nov. 3, 1931, 
with definite evidences of amyloid nephrosis, nonprotein nitrogen amounting to 
48 mg. per hundred cubic centimeters of blood, edema of the leg and face and 
iscites. Examination of the urine during her stay at Montefiore Hospital had 
given negative results. 


We have seen from the clinical and roentgenologic evidence presented 
in the histories of the preceding cases that thoracoplasty does not col- 


lapse cavities in the lungs. At most, their size is reduced more or 


less. In the following cases this fact is confirmed by autopsy. 


Case 20.—L. R., a woman, aged 42, was seen on May 16, 1928, with a history 
of an insidious onset two and one half years previously. In April, 1927, an attempt 
was made to create a pneumothorax on the right side, but no collapse of the lung 
resulted because of pleural adhesions. The case was of the common chroni 
recrudescent type with occasional episodes of fever. Thoracoplasty was done in 
three stages from December, 1927, to February, 1928. The patient bore the opera 
tions well, and the wound healed nicely. Three weeks after the last operation a 
sinus opened in the wound discharging pus. The patient was transferred to 
Montefiore Hospital with symptoms of active tuberculosis, persistent cough and 
expectoration, fever, etc. 

Physical examination in January, 1929, revealed that there was still evidence 
of active tuberculous disease in the lung and a discharging sinus externally. The 
cavity in the right upper lobe remained open. 

For the ensuing eighteen months she grew progressively worse. The diseas« 
ran an active febrile course. There were marked gastro-intestinal symptoms of 
cramps and diarrhea. The liver was enlarged to 4 inches (10.16 cm.) below the 
costal margin, and there was albumin in the urine, three plus. Generalized edema 
appeared. The patient died on Feb. 16, 1931, three years after the operation. 

Autopsy (Dr. Perla).—The anatomic diagnosis was: chronic bilateral pul- 
monary tuberculosis with cavitation in the right upper lobe, tuberculosis of the 
large and small intestines and of the suprarenal glands, a chronic tuberculous 
extrapleural-intrathoracic abscess and severe amyloidosis of the liver, spleen, kid- 
neys and thyroid. 

The left lung was voluminous, with small fine nodules palpated throughout. On 
section, a small cavity was found in the apex. 

The lower lobe of the right lung was free and emphysematous with discrete 
tubercles. In the region of the lower lobe the parietal pleura appeared thickened 
This thickening was due to a dissection of the parietal pleura from the wall of the 
hest by large amounts of purulent fluid which were released by puncturing 
the parietal pleura. The abscess cavity revealed between the parietal pleura and the 
wall of the chest extended throughout the entire right side of the chest anteriorly 
and posteriorly. In the posterior region at the second rib this abscess cavity com- 
unicated by a fistula with the sinus opening anteriorly. The right upper lobe was 
firmly adherent to the wall of the chest, so that on removal there was considerable 


iring and a large part of the right lung was left attached to the thoracic wall 
st of the right upper lobe was replaced by a large oval cavity measuring 12 cm 


its longest diameter. The remainder of the parenchyma was fibrotic an 


\f 


ted and contained fibrotic tubercles. 
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Case 21.—A. L., a man, aged 23, was admitted to the hospital on Oct. 14, 1924, 
with a history of active tuberculous disease of one year’s duration. Examinatior 
revealed an extensive infiltration of the left lung with multiple cavitation; the right 
lung was apparently normal. Thoracoplasty was done in two stages on Oct. 6 and 
Oct. 21, 1926, shortly after the patient's admission. As soon as the wound healed 
he was sent to the country. Our next information concerning him is of July 1, 1932, 
almost five years later, and is to the effect that he died at Mount Sinai hospital in 
May, 1932. The autopsy there showed: generalized amyloidosis, disseminated 
tuberculosis of both lungs, caseous tuberculosis of the right suprarenal gland a: 
pulmonary atelectasis and bronchiectasis of the left lung. 

Case 22.—S. W., a woman, aged 28, was admitted to the hospital on Oct. 5, 1930 
with a history of tuberculous disease of six years’ duration. A futile attempt was 
made to induce a pneumothorax. Phrenicectomy was then performed, and she 
improved for a short time. When the patient was examined on admission we found 
an exudative lesion involving the entire left lung and pleura, with multiple cavitation 
There were signs of a fibrotic lesion of the apex of the right lung and sinistrocardia 
On fluoroscopy, paradoxical movement of the diaphragm was evident. 

Thoracoplasty was performed on October 19, and the immediate response to the 
resection of the upper five ribs was excellent with an amelioration of the constitu- 
tional symptoms. The second stage was fairly well borne, and within a month 
cough and expectoration had diminished. These good results continued for three 
months, when signs of activity of the lesion reappeared. Fever and wasting 
continued with edema of the lower extremities, but there was no evidence of hepatic 
or splenic enlargement. Death occurred on Dec. 1, 1931, one year after the 
operation. 

Autopsy (Dr. Peria)—The anatomic diagnosis was: postoperative phrenicec- 
tomy and thoracoplasty of the left lung, chronic bilateral pulmonary tuberculosis 
with cavity formation of the left lung, atelectasis and fibrosis of the left lower lobe, 
caseous bronchial pneumonia of the right lung and amyloid spleen. 

The right lung showed tuberculous pneumonia. The left lung was one half 
the size of the right. The pleura was thickened. In removal, several cavities were 
opened and these exuded buff-colored, creamy material. Most of the upper lobe 
was so replaced by a series of intercommunicating cavities that practically n 
parenchyma was left. The lower lobe was markedly contracted owing to atelectasis 
and fibrosis. 

Case 23.—I. L., a man, aged 20, was admitted to the hospital on Oct. 20, 1924, 
with a history of tuberculous disease of six weeks’ duration. A therapeutic pneumo- 
thorax was induced on November 24, collapsing the left lung. The patient responded 
favorably, but because of pleural adhesions further insufflations had to be discon- 
tinued on March 5, 1925. Symptoms of active disease recurred. On May 9, left- 
sided thoracoplasty was done. After the first stage, the patient’s condition became 
worse and the constitutional symptoms markedly accentuated. The pulse became 
very rapid and feeble; the temperature continued to run between 101 and 102 F. 
cough and expectoration were unabated. The disease continued active and pr 
gressive, and death occurred on October 9, four months after the operation. 

Case 24.—A. B., a man, aged 26, was admitted to the hospital in July, 1924, 
with a history of active tuberculosis of two months’ duration. A left-sided pneumo- 


thorax was performed at our sanatorium in August, 1924. He remained there for 
two years, feeling somewhat improved, but the fever persisetd. From thence he went 
to the mountains, where he found no relief. He returned to the hospital on Aug. 10, 





WIENER-FISHBERG—PULMONARY TUBERCULOSIS 


27, seeking surgical treatment. A left-sided thoracoplasty was done on October 7 
e operation had no beneficial effects, and the patient left the hospital on Feb 
5, 1928. 
He remained at home for three months, bedridden, with alow grade fever. When 
e was readmitted on May 19, we found his general condition poor; the left lung 
oracoplasty side) showed an extensive active fibrocaseous lesion with multiple 
ivities. The upper lobe of the right lung showed signs of parenchymatous infiltra- 


n. On June 25, spontaneous pneumothorax developed, collapsing the right lung 


[he patient committed suicide the same night, stabbing himself with a knife. 


Autopsy (Dr. Perla).—The anatomic diagnosis was: chronic pulmonary tuber- 
ulosis with cavity formation of the left upper and right lower lobes, pneumo- 
thorax and bronchopleural fistula of the right lung, penetrating wound of the left 
side of the chest, tuberculous enteritis and laryngitis, amyloid disease (generalized) 
nd healed thoracoplasty (left). 

The pleura of the left lung presented extensive thickening. The entire upper 
be and the lateral portion of the lower had a nodular consistency. On section, a 
fibrous cavity about 4 cm. in diameter was found in the upper lobe laterally and 
anteriorly. It had a smooth yellow lining and was filled with blood. The sur- 
rounding parenchyma in almost the entire upper lobe had a peculiar gelatinous, 
grayish, fibrous appearance through which were scattered small foci of inspissated 
caseous material and areas of nontuberculous atelectasis. The lower lobe presented 
a similar appearance. The organs were positive for amyloid. 

Case 25.—A. T., a man, aged 36, was admitted to the hospital on July 26, 1926, 
with a history of tuberculous disease for two and one-half years. He suffered 
several rather profuse hemorrhages. We found signs of involvement of the entire 
right lung and pleura. The lesion in the left lung was apparently inactive. After 
a rest for a month, he felt somewhat better, although the temperature still remained 
elevated and the cough and expectoration persisted. 

Right-sided thoracoplasty was performed on Sept. 8 and Oct. 25, 1926. After 
the second stage he appeared to be critically ill with symptoms and signs of 
pulmonary edema, requiring vigorous treatment. Though he recovered from this 
episode, the symptoms of active and progressive tuberculosis continued unabated 
He died on June 23, 1927, nine months after the operation. 


Case 26,—I. M., a woman, aged 27, was first admitted to the hospital on July 8, 
1926, with a history of cough and hemoptysis and an intermittent febrile condition 
of a chronic recrudescent type, of eight years’ duration. Pneumothorax had been 
attempted several times, but the results were unsuccessful for the usual reasons 

Examination on admission revealed an extensive right-sided lesion with cavita- 
tion and slight fibrosis in the apex of the left lung. 

‘horacoplasty on the right hemithorax was performed in two stages on July 
12 and 27, 1926. Following the second stage the patient went into collapse on the 
operating table. She recuperated after a blood transfusion of 500 cc. Her general 
condition improved to such a degree that she left the hospital one month after the 
operation. She remained at home, where the improvement continued and she 
gained 23 pounds (10.4 Kg.) in weight within four months. But she was never 
completely free from symptoms of active disease. An acute exacerbation occurred: 
the temperature rose, and symptoms of progressive phthisis were manifest. She 
was readmitted to the hospital on Dec. 19, 1926, and a right-sided phrenicectomy 
was performed. But the disease continued to run a febrile course unabated. 
Climatic treatment was then tried. For the next three years she continued the 
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“cure” in the mountains, growing worse until she died in June, 1929. During the 
three years between the thoracoplastic operation and death, she was not free from 
symptoms of active pulmonary tuberculosis. 


HEMOPTOIC CASES 
Among the patients with quiescent tuberculosis there are certain ones 
who are characterized by paucity of constitutional symptoms for 
months or years; they have no fever, cough but slightly, maintain their 
body weight, and are fit for many sorts of occupations requiring no 
excessive muscular exertion. But they have hemorrhages now and then. 
In some, the hemorrhages are slight, but sufficient to frighten them 
and those around them; in others, the hemorrhages are copious, even 
threatening, appearing at irregular intervals and lasting for days or 
weeks. These patients may be disabled during the long periods when 
they do not bleed, because they always fear lest, when least expected, 
a hemorrhage may appear. In hospitals for patients with advanced 
consumption there are many patients of this type occupying beds which 
are needed for persons with the disease in active form. Often a few 
days or weeks after discharge, this complication brings them back to 
the wards. Eight patients of this type were selected by us for thoraco- 
plasty, with a view of preventing recurring pulmonary hemorrhages. 
Typical is the following : 


CasE 27.—R. W., a woman, aged 20, was admitted to the hospital on June 11, 
1923. She had been sick for three years with a fibrocaseous lesion involving the 
greater part of the left lung with a large excavation in the upper lobe. The most 
annoying symptom was pulmonary hemorrhage recurring at irregular intervals, at 
times very copious and threatening. The general condition was fairly good, but 
because of the recurrent bleeding the left lung was collapsed in June, 1923, and 
a satisfactory pneumothorax was created which was sustained for two years, when 
obliterative pleuritis prevented continuation of insufflations. She continued to do 
well, even becoming somewhat obese, but with reexpansion of the lung the hemor- 
rhages recurred. With a view of preventing bleeding, thoracoplasty was performed 
on Dec. 17, 1925. She reacted badly to the first stage of the operation, necessitating 
hypodermoclysis of 1,000 cc. of saline solution. She recuperated, and on Jan. 6, 1926, 
the second stage of the operation was done. The wound healed soon, and we 
sent her to the sanatorium where she remained for two years, bleeding slightly now 
and then. After her discharge from the sanatorium she again had an exsanguinating 
hemorrhage lasting a week. However, the constitutional symptoms have been in 
abeyance since the operations; she coughs less and her sputum has been free from 
demonstrable tubercle bacilli. She has been employed at the Altro shops doing 
four hours of work a day as a seamstress. She still expectorates blood now and 
then, but has no severe hemorrhages. A physical and roentgen examination made 
recently shows that while the left lung is fairly well collapsed, there are unequivocal 
signs of an excavation in the upper lobe of the left lung. 


Case 28.—B. S., a man, aged 30, was admitted to the sanatorium on Feb. 11, 
1926, with a history of an insidious onset, followed in three months by a brisk 


hemorrhage. A left-sided pneumothorax was induced, which was effective in 
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pping the bleeding and allaying the fever. The lung was left collapsed for 


urteen months, when we felt safe in employing the patient as a technician in the 

department; he was engaged in this occupation for one and a half years, 

vhen a relapse occurred, which caused his readmission to the hospital. Continuous 
fever and recurrent hemorrhages necessitated radical treatment. 

Thoracoplasty was performed in three stages. The upper three ribs were 
resected at the first stage, Aug. 19, 1929, and the patient returned from the operating 
room in a poor condition, with rapid and weak pulse and cold and clammy skin. 
He rallied and was fairly comfortable the next day. For the ensuing fourteen 

nths he remained in the hospital, practically always confined to bed, but his 
general condition improved gradually; he gained in weight. However, he still 

fered from recurrent hemorrhages. We then transferred him to the sanatorium, 
where he remained for nine months. At the time of his discharge from there, 
July 11, 1932, he was afebrile, fairly well nourished but not rehabilitated to the 
degree that he could be considered cured. Following his operations, therefore, he 
was compelled to remain hospitalized for over two years, and he is still not 
well enough to work steadily for any considerable time. But he does not bleed as 
often or as profusely as before the operation, though he continues to be tuberculous 

Case 29.—M. L., a woman, aged 21, had hemoptysis one year before admission, 
in September, 1925, when an extensive and cavitary involvement of the left lung 
was found. The right lung was normal. Pneumothorax was done on Nov. 4, 1925, 
to control bleeding and fever, with excellent results. Pleural effusion noted on 
December 4 brought about abandonment of this therapy, and nine months later the 
patient was transferred to the sanatorium with but slight constitutional symptoms 
of activity. Within a month she again became afebrile and suffered from recurrent 
hemorrhages, which were quite copious. With a view to control the hemorrhages, 
thoracoplasty was started on Sept. 10, 1926, and completed on Nov. 17. Three 
months later her condition was excellent, both local and general. She then left the 
hospital. During the course of the next two years she reported the recurrence of 
hemoptysis, cough and expectoration, though her general condition remained fair. 
Following this period an acute febrile attack suddenly developed followed by a 
opious hemorrhage. She was admitted to Bellevue Hospital where a supplementary 
and more extensive resection of ribs was performed. Her general condition 
improved after the operations, and she was readmitted to the sanatorium, where 
she remained for ten months. Her condition at present is considered quiescent 
She attends the outpatient tuberculosis clinic. She still suffers from symptoms of 
chronic and active tuberculosis and is not fit for work. 

Case 30.—M. M., a man, aged 19, was admitted to the hospital on May 20, 
1925, with a history of an acute hemoptotic onset three weeks previously and fever 
ounting to 105 F. Physical signs revealed an extensive caseous infiltration of 
the entire left lung. A pneumothorax was created on the day of admission. No 
marked beneficial results were obtained by this treatment so far as the febrile 
ind toxic symptoms were concerned, and the pneumothorax was abandoned within 
three months. During the following three months the temperature subsided; the 
patient’s general condition improved, and he was sent to the country sanatorium for 

nvalescence. During the first seven months of his stay there he did very well and 
ned 15 pounds (6.8 Kg.) in weight. Because of recurrent and uncontrollable 
rrhages, he was transferred to the hospital for thoracoplasty. Examination 
showed extensive involvement of the entire left lung and pleura with an 
rmous excavation of the upper half. On Aug. 3, 1926, the first stage, which 
being performed under local anesthesia, had to be abruptly stopped because of 

ns of cardiac failure. The operative series was completed one month later. In 
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October, the following note was entered: “Because of tachycardia, fatigability 


emaciation this patient requires further strict rest treatment even thoug 

temperature is normal.” Two months later he went home to continue the t 
treatment. He has been continuously under observation for seven years. We find 
that he is unable to work at anything. He has frequent febrile exacerbations and 
hemoptysis and is dyspneic. Of late he has symptoms of tuberculosis of the larynx 

Case 31.—R. L., a man, aged 35, was seen in September, 1927, with a history of 
an insidious onset. He remained in the sanatorium six months and was discharged 
afebrile with a gain of 17 pounds (7.7 Kg.) in weight. At home for several months 
he suffered from copious hemorrhages. A right-sided hemostatic pneumothorax 
was induced and continued for eight months. Insufflations were discontinued 
January, 1929, because of a pleural effusion. The patient remained well until 
May, 1929, when hemorrhages lasting a week or more and recurring at irregular 
intervals caused him to apply for readmission. 

When he was readmitted, March 5, 1930, we found an extensive fibrocaseous 
lesion with a cavity in the right upper lobe and a thickened pleura. With the 
-xception of recurrent hemorrhages, the lesion was not productive of serious con- 
stitutional symptoms and showed no tendency to progression. The surgical staff 
characterized the case as “ideal” for thoracoplasty. This was done with n 
immediate untoward operative results. Four months later it was noted that a fairly 
good collapse of the lung had been attained and, as before the operation, the 
temperature was normal; but the pulse was rather rapid, and the patient was 
dyspneic. He still expectorates blood-streaked sputum occasionally, though there 
have been no large hemorrhages. On physical and roentgen examination the 
cavities are still evident. For fifteen months he has remained in the hospital because 
we have considered him unfit for discharge, and during the past three months his 
fever has mounted and tuberculosis of the larynx has developed. 

Case 32.—B. K., a woman, aged 35, was admitted to the hospital on May 10, 
1919, where she remained for nine months. Right-sided pneumothorax was main- 
tained for five months, during which period a contralateral pleural effusion 
developed. The patient’s general condition improved to such a degree as to render 
her fit for discharge. She felt fairly well for four years. Then fever, cough, 
expectoration and recurring hemorrhages reasserted themselves. The examination 
on admission, March 16, 1926, showed a large cavity in the right upper lobe with 
a thick pleura. Thoracoplasty was advised mainly with a view of preventing the 
recurring hemorrhages. 

Following the first stage of the operation on April 17, the patient had a severe 
reaction, and for five days the severe hemorrhages and high fever, 104 F., were 
menacing. However, six days later her general condition improved so that the 
second stage was done. This was followed by infection of the wound. The post- 
operative course was again very stormy, infusion and transfusion being necessary. 
A toxic psychosis developed, the temperature rose to 105 F., and signs of an active 
lesion were found in the contralateral lung. 

However, after she had remained in the hospital under routine treatment for 
another year, her general condition was found improved, though she still suffered 
from active tuberculous disease. Efforts to trace her have proved unavailing. 

Case 33.—F. L., a woman, aged 36, has a clinical history which embodies almost 
the entire natural history of chronic pulmonary tuberculosis, illustrating the benefits 
to be expected from current therapy, old and new. In 1918, dry pleurisy developed 
in the right side of the chest with a mild febrile reaction. The patient spent a 
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in the mountains convalescing. She recovered her health and telt well 
» years. Constitutional symptoms of tuberculosis then reappeared; sputum 


und positive for tubercle bacilli. She went to a sanatorium, remained there 


ne year and was discharged greatly improved. She married soon after her 


irge in 1921. In 1923, the only symptoms noted were cough, slight expectora- 
and easy fatigability. To overcome these symptoms a full course of tuberculin 
therapy was administered by a private physician from Nov. 14, 1923, to April 2, 
1924, with no detrimental results but no startling improvement. Thence until 1928 
e was ambulant and afebrile with occasional expectoration of blood-streaked 
sputum most marked at the menstrual period. That year profuse exsanguinating 
hemorrhages developed, and an emergency hemostatic pneumothorax was performed 
1s a life-saving measure. In spite of the old history of pleurisy and the chronicity 
f the lesion, collapse of the lung was easily obtained and the bleeding stopped. The 
ensuing year she felt well, but fluid appeared in the pleural cavity and insufflations 
had to be abandoned. She then again began to bleed; most often there was slight 
blood-streaked sputum, but occasionally, quite profuse hemorrhage. This continued 
off and on until December, 1930. At that time the patient pleaded that something 
more heroic be attempted to remove her constant fear of recurring hemorrhages, 
sven though none had been very severe since 1928. She herself suggested thoraco- 
plasty. Examination revealed an extensive fibrotic but cavitary lesion in the upper 
lobe of the right lung, a markedly thickened pleura and fluid in the pleural cavity. 
The first stage of thoracoplasty was performed on Dec. 9, 1930, with no untoward 
results. The second stage was followed by a stormy postoperative course, accom- 
panied by a high fever. Subsequently an infection of the wound developed. But 
she was discharged to her home two months later with all wounds healed, to 
“build up” before the final stage was to be done. She was readmitted one month 
later, and the third operative stage was performed. Blood-streaked sputum again 
was present, and her general condition left much to be desired. A supplementary 
operation was decided on. A more extensive resection by the axillary route was 
performed, with no untoward postoperative reaction. She now has a small draining 
sinus, signs of an active lesion in the lung and coughs up blood at irregular 
intervals. It cannot be said that the repeated surgical operations have benefited 
her to any degree, because she is still tuberculous and still bleeding. 


Case 34.—S. B., a man, aged 26, was admitted to the hospital on June 18, 1928, 
with a history of an acute febrile onset three months previously. Examination 
showed an extensive exudative infiltration of the left lung. Pneumothorax was 
performed with immediate good results. A few months later fluid developed in 
the pleural cavity, but the patient continued to do well. Ten months later fever 
and recurrent hemorrhages appeared. With a view of preventing the hemorrhages, 
thoracoplasty was done on April 2, 1930. The immediate reaction was unfavorable 
The disease became acutely active, and death occurred on June 7, 1930. 


Autopsy (Dr. Perla)—The anatomic diagnosis was chronic bilateral pul- 
monary tuberculosis; thoracoplasty on the left side, nine ribs; gangrene of the 
small intestines; acute fibrinous peritonitis, and amyloidosis of the spleen and 
suprarenal gland. 

The left lung was smaller than the right. The left pleura was covered by dense 
fibrous adhesions. The lung was collapsed and firm. On section, it was riddled 
with large and small communicating cavities. The intervening parenchyma was 
nonaerated and had a red meaty appearance. The right lung was fairly normal. 
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TUBERCULOUS PYOTHORAX 


Tuberculous pyothorax, irrespective of its mode of origin, has been 


a bugbear in phthisiotherapy. All efforts at controlling this complication 
have been either ineffective or altogether harmful. Our experience has 
been that it is best to apply palliative, but strictly conservative measures. 
We have tried various forms of thoracotomy, puncture and drainage, 
injections of antiseptics or dyes and irrigations of the pleural cavity and 
have not been impressed with the results. Of course, in exceptional 
cases patients have been going about with chests filled with pus for 
many years; one for over ten years. Some even pursued more or less 
active lives and engaged in remunerative occupations while the pleural 
cavity was filled with pus. But these are exceptional ; the vast majority 
of this class of patients fail irrespective of the treatment and succumb 
sooner or later because of the toxemia, extrathoracic tuberculous lesions, 
especially of the larynx and intestine, or amyloidosis. 

Of the ten patients with pyopneumothorax submitted to thoraco- 
plastic operation at the Montefiore Hospital, four are dead, two are in 
the hospital very ill, three attend the follow-up clinic with draining 
sinuses and one is well and working at a part time job. 

In six cases the pyothorax was a sequel of therapeutic pneumothorax. 
The pneumothorax had proved quite beneficial for a period of from one 
month to five years before the onset of this complication. Two cases 
followed spontaneous pneumothorax; one was a sequel of simple, 
“idiopathic” pleurisy with effusion and one of a pleural effusion in a 
tuberculous patient. 

The clinical histories of these ten cases follow: 

Case 35.—S. Z., a woman, aged 27, was admitted to the hospital in November, 
1925, with a history of pulmonary tuberculosis of ten months’ duration. She was 
in a sanatorium where an artificial pneumothorax was induced on the left side. 
Within a few months a purulent pleural effusion was found and tapped repeatedly, 
but the febrile condition continued unabated, pus reaccumulating after each tapping. 
Three months before admission to Montefiore Hospital, rib resection with 
thoracotomy and drainage by tube were performed. The constitutional symptoms 
abated considerably during the first weeks at the hospital. But there remained a 
bronchial fistula and a draining sinus with concomitant symptoms. 

On December 9, the first stage of thoracoplasty was performed. 
postoperative reaction was quite severe, with rapid, thready, weak pulse. How- 
ever, four weeks later the patient had recovered sufficiently to warrant further rib 
resection. The second stage was performed on Jan. 6, 1926, and the third on 
February 3. On April 21, the patient still coughed up considerable quantities of 
purulent material, and there was profuse discharge from the wound. In other 
words, the pus continued to form and drain through the bronchi, as well as throug! 
the wall of the chest. 

Two supplementary operations were performed in an attempt to obliterate the 
sinus tract by more extensive rib excisions. The patient left the hospital in Jul 
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still coughing and with pus draining from the sinus track and with sputum 
ve for tubercle bacilli. 

Subsequent reports from the surgeon who has since taken care of her were 
ved in August, 1919, as follows: “The patient was seen several months ago. 
general condition is satisfactory. The wound is apparently healed. Pains 
time to time may be referable to a collection of fluid. The patient has gained 
ight and strength.” 


1932, the report is to the effect that she feels well and keeps house for the 


Case 36—E. D., a woman, aged 20, was admitted to the hospital on Oct. 3, 
27, with a history of tuberculosis of one year’s duration. Five months later a 
rile “pneumonic” attack developed. A left-sided pneumothorax was performed 
because the constitutional symptoms indicated activity. The immediate results were 
nsidered favorable. An exudate appeared in the pleural cavity within three 
nths, accompanied by an acute febrile reaction; 750 cc. of clear amber-colored 
ijuid was aspirated. Many aspirations were performed subsequently because of 
symptoms of mediastinal pressure, but the fluid reaccumulated after each tapping. 
Four months later, the fluid became purulent, and 1,500 cc. of pus was removed. 
appings were repeated for four months more, when a large cold abscess developed 
it the back of the left side of the chest just below the costal margin. During this 
| 


period 


the patient appeared quite toxic, with fever of from 101 to 103 F.; the 
ediastinum was markedly displaced to the right, the liver extended to about 6 cm. 
below the costal margin, and the spleen was enlarged. A clinical diagnosis of 
id lesion was made. 
he cold abscess was incised, and a tube was inserted which passed through 
the sinus track and drained the empyema cavity. Following the establishment of 
external drainage, the patient improved markedly, and the constitutional symptoms 
abated. The liver and spleen likewise receded in size. After six months of 
drainage by tube, the clinical picture changed. There was now a discharge of 
approximately 75 cc. of pus daily. The patient was able to be up and about, 
wearing a modified colostomy bag to collect the pus. She was afebrile, felt well 
1 gained 10 pounds (4.5 Kg.) in weight. 
\fter another six months the pus in the left pleural cavity had been almost 
mpletely evacuated through the closed thoracotomy opening, and the lung on that 
reexpanded. There was, however, a sinus track, and the drainage through the 
be leading into the small pyothorax cavity had to be continued. The purulent 
harge required a change of gauze twice daily. No symptoms of dynamic 
‘ of the pulmonary lesion were present 
luary, 1930, eighteen months after the original incision for drainage, the 
suggested resection of the lower ribs in an attempt to obliterate the cavity 
sinus track. The ninth, tenth, eleventh and twelfth ribs and part of the 
he empyema cavity were removed. The immediate postoperative reaction 
orable. Twelve days later four more ribs were resected. This time there 
ne postoperative shock, requiring an intravenous saline ion. Six weeks 
the upper three ribs were removed with a view of attaining complete 


the lung. The patient left the hospital on April 27, 31, with the 
r 


discharging pus. She is at present ambulatory and 
ly. But, as 


has not closed. She still carries a drainage tube in the 


emploved as a clerk. working f on ini 
employed as a clerk, working four nours dai 


without the tube, pus accumulates and a febril 
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a man, aged 26, was admitted to the sanat 


tuberculosis of three months’ duratior 
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an artificial pneumothorax was induced with good initial results. He leit 
sanatorium in 1922, and was cared for till 1927 in his home. A pleural effusion 
noted in 1922, and in 1924 the fluid assumed a purulent character. However, 
did not deter him from working as a salesman for four years, going to a privy 
physician for pneumothorax insufflations. He felt well until Sept. 27, 1927, 
he reentered the hospital because of an acute febrile attack. 

On admission a far advanced pulmonary lesion together with a left pyopne 
thorax was found. Six hundred cubic centimeters of pus was aspirated, and a few 
treatments with oil of gomenol were tried without improvement. The febrile cours 
continued. Thoracotomy for drainage was tried on October 18, without any 
notable salutary effect. Then a three-stage thoracoplastic operation was performed, 
starting from below, on Nov. 10, 1927, Jan. 5, 1928, and February 5. After the 
third stage, the temperature mounted and necrosis of the upper end of the operative 
wound was noted. 

Within six months the wound assumed a somewhat more satisfactory appea 
ance, but the pus continued to drain and the patient was up and about. Since that 
time he has been cared for at the outdoor clinic and by the social service depart- 
ment. He still has a large sinus track; one can look through it as through a 
window and closely observe the granulations on the visceral pleura. Occasional! 
the wound bleeds. His pulmonary tuberculosis per se gives rise to but few ann 
symptoms. He is unable to work a onal requires so much gauze for his dressing 

hat he has become quite a costly pati 


Case 38.—J. S., a man, aged 28, was readmitted to the hospital on Oct. 3 
with a history of a left-sided tuberculous pneumonic process of f years’ 
He had received pneumothorax therapy for six months and had improved. 
then stayed at home for two and a half years, where the therapy was continu 


losed the ra- 


Because of complicating pyothorax one year before this admission, cl 
cotomy was performed at a hospital and then he was referred to our 
Under routine care he improved, was afebrile and ambulant and gait 
(5.4 Kg.) in weight, when suddenly a copious pulmonary hemorrh 
following which his general condition became worse. 

It was then decided in view of the exacerbation of the symptor 
rhage and the cavitary lesion in the left upper lobe, in addition t 
pyopneumothorax, that a thoracoplasty should be tried. 

After the first stage of the operation, performed on Dec. 3, 1930, there was 1 
marked reaction. The second stage, ten days later, resulted in 
operative course. There was definite evidence of mediastinal 
shifting of the mediastinum to the right. Within a few days 
bronchopneumonia became evident in the contralateral lung. 
febrile during the ensuing five weeks. However, the patient 
twelfth rib was resected on Jan. 28, 1931. Finally a phrenice 
on March 11. 

His general condition remained poor; he had lost 30 pounds 
the operations and was very dyspneic on the slightest exertion. 
was vicariously emphysematous; the mediastinum shifted, especially 
inspiration. With thoracoplasty a notable diminution of the left hemith 
an immobilized diaphragm without paradoxical movement were attained 
the roentgen film a fine acinonodular infiltration throughout the righ 
he bronch 


seen, best explained as a result of wenic spread following the 


t 
stage of the operation. He had a discharging sinus and was very dyspneic 


went to the country to continue with the treatment 
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examination two years after the operation the following findings were 
ed: a discharging sinus, dyspnea and signs of active tuberculous disease in 
ungs with positive sputum. He looks fairly well and is able to be up and 
t the greater part of the day, but he is still unfit to engage in any gainful 
pation because of cough and dyspnea. 
1sE 39.—M. S., a man, aged 28, was admitted to the hospital on April 26, 
The onset of his condition was in 1922. In April, 1923, a spontaneous 
1othorax developed accompanied by high fever and a pleural effusion, for 
he entered the sanatorium. He remained there eighteen months. Aspiration 
1id and replacement by air were practiced. He was discharged from there in 
ondition in October, 1924. 
For the next four years he was more or less symptom-free and worked. In 
1928, a febrile reaction developed lasting five weeks, with pain in the left 
f the chest, which was somewhat relieved by aspiration of the pus. In October, 
28, following repeated aspirations, fever became high and the pus began to point 
the thoracic wall. A rib resection with drainage by tube was done, giving 
irked amelioration of the toxic symptoms. After one month the tube was 
removed and the wound healed, but fever reappeared shortly, to be assuaged when 
the wound opened spontaneously discharging a large quantity of pus. On Dec. 3, 
1930, he was admitted to Montefiore Hospital with a draining pyopneumothorax 
d signs of activity of the pulmonary lesion. 
On routine care and observation he did fairly well for four months, was afebrile 
d was gaining weight. There was a small pocket of pus discharging through a 
small sinus. The surgical consultant, however, insisted that radical surgical inter- 
vention was imperative. 
November, 1931, he made the following observation on the chart: “I think 
t is quite impossible for spontaneous cure to occur in this case. One must postulate 
1 empyema cavity with tremendously thick walls and a large dead space. In n 
such a chronic uncared for pyogenic pus will ultimately kill the patient 
ill be a very sad sequel for a man who is apparently entirely cured oi 
nonary tuberculosis.” 
\ccordingly, a partial thoracoplasty with unroofing of the entire lower part 
performed. A few days later a bronchial fistula became evident 
continuous high fever. Signs of a new progressive tuberculous 


ess were then found in both lungs. The wound drained imperfectly and had 


probed frequently. The febrile course continued for four months, and the 


was very weak and toxic, with marked anemia necessitatir 
At present he presents 
well, and good evidence of 
4sE 40.—A. H., a man, aged 39, was admitted t 
Tuberculosis developed in 1918, and he remair 
notable improvement. Because of 
done in 1919, whi 


followed by 








362 ARCHIVES OF INTERNAL MEDICINE 


and presents evidence of chronic fibroid cavernous phthisis of the right lung 
together with a pyopneumothorax, large draining sinuses and bronchopulmonary 
fistula. 

Case 41.—H. A., a man, aged 20, was admitted to the hospital on June 4, 1924 
with a history of an insidious onset eighteen months previously. A pleural effusion 
developed six months later. For this he was tapped several times before he 
entered the hospital. On admission, 1,100 cc. of purulent fluid was aspirated from 
the left pleural cavity. For several months the common oscillation of exacerbations 
and remissions was observed. He was relieved more or less by aspirations and 
pleural lavage. However, because of the marked toxic symptoms, surgical interven- 
tion was decided on. The seventh and eighth ribs were resected to obtain drainage 
Some improvement was noted soon after the operation. 

On April 8, 1925, the first four ribs were resected in paravertebral thoracoplasty 
Six hours after operation, severe dyspnea and cyanosis developed. The pulse 
became weak and thready, and the patient died on April 10, with symptoms of heart 
failure. 

At the postmortem examination, the left lung was found completely collapsed 
in the lower two thirds. The upper third was bound to the chest by dense 
inseparable fibrous adhesions. The visceral pleura over the lower half of the 
upper lobe and the entire lower lobe was markedly thickened and covered with 
a purulent layer. 

Case 42.—J. G., a man, aged 30, was admitted to the hospital in October, 1922, 
with a history of an insidious onset. At the sanatorium a right-sided pneumothorax 
was induced. He was discharged seventeen months later to go back to work 


> 


which he did. Pneumothorax insufflations were continued by a private physician 


until ten weeks before readmission, Aug. 27, 1927. The fluid became purulent, and 
a bronchopleural fistula developed. The left lung was apparently free from active 
disease. 

Thoracoplasty was performed in several stages in November and December, 
1927, but the postoperative course was unfavorable, with rather severe shock. Pus 
continued to drain from sinuses, about 200 cc. daily; cough, expectoration and 
weakness continued to be troublesome symptoms. The disease continued to run 
an active febrile course, and seven months later tuberculous pneumonia developed 
in the left lung, which proved fatal. 

Case 43.—G. P., a man, aged 33, was admitted to the hospital in October, 1923, 
with a history of an insidious onset. He remained at the sanatorium for five months, 
where he gained weight and improved generally. The only symptom on discharge 
in March, 1924, was cough. He worked as a clerk for four years more or less 
continuously. In October, 1928, febrile relapse occurred, and a purulent pleural 
effusion was found which had to be tapped repeatedly. He was admitted in Jt 
1929. He improved under routine treatment, became afebrile and was sent to the 
sanatorium. There he felt well until Jan. 14, 1930, when, because of a recrudescence 
of acute symptoms and high temperature, 104 F., he was transferred to the hospital. 

Empyema necessitatis developed along the needle track of aspirations of a large 
pyopneumothorax. A resection of the ninth and tenth ribs was done, and a large 
amount of pus was removed, following which the fever decreased. Drainage con- 
tinued through this opening, but a low grade fever persisted. Thoracoplasty was 
performed on June 11 and 25, 1930, in an attempt to obliterate the dead space 
However, three months later high fever suddenly reappeared, and an area of 
fluctuation appeared under the healed scar. The wound was laid open and pus 
evacuated. He continued to do poorly and died on October 12 
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psy (Dr. Perla)—The anatomic diagnosis was: chronic pulmonary 


iberculosis of the right lung and left lower lobe, thoracoplasty of the right side 


e nt 
eCE 


t), complete collapse of the right lung and amyloidosis of the liver, spleen 
} | j Td 
kidney. 


+ 


[he right lung was almost completely collapsed and was converted into a mass 
i deeply pigmented, very firm fibrous tissue. 


No reaction was present. The left 
lung was emphysematous. 


Microscopic examination of the right lung showed the greater portion of the 

be composed of anthracotic, vascular, rather cellular fibrous tissue. In 

idition two large areas of coagulation necrosis well encapsulated were present 
merous calcium deposits were in this area. 


Case 44.—M. De, a man, aged 23, was admitted to the hospital on May 30, 


.. 1924, with a history of tuberculous disease of two years’ duration. Spontaneous 
yulse 


pneumoth In June, 1924, 
eart e ‘ ‘ ‘ . ‘ 
thoracoplasty was performed, with some immediate benefit, and the patient was 


transferred to the sanatorium. For three months he continued ambulant and felt 


fairly well. Retention of pus resulted in a fever of 103 F.; 

ense os ; = ; 
: lrainage ameliorated this sympton. He suffered several recurrences of the afore- 
mentioned cycle. In an attempt to overcome this, thoracoplasty 


psed 


reestablishment of 


was decided on. 
stage, done Jan. 31, 1925, was uneventful. Immediately after the second, 

bruary 21, the temperature rose to 104.6 F., the pulse rate to 160 
respiratory rate to 50. 


and the 
He recovered from this acute episode within a few days, 
but the discharge from the wound continued unabated. 

performed on August 12. However, when he hospital, the wound was 


rging a large amount of pus. Follow-up di hi * patient died at 


\ phrenicectomy was 


View Hospital on Jan. 16, 1928. 


SUMMARY 

\ssessing the results attained with thoracoplastic operations in 

f the fact that patients 

do« med to absolute 
immediate invalidism. A glance into the wards or into 


mm in any follow-up clinic of a hospital for patients with advar 


tuberculosis will dissipate this notion. Practice in large citi 
brings one into contact with persons who have pursued arduous occu- 
pations for years despite cavities in the lungs and sputum containing 
lemonstrable tubercle bacilli. Some of these patients, 


sick since their 
wenties, reach 40, 50, 60 or more years before they succumb to an 


‘ute exacerbation, some complication or as an entirely independent 


mdition. Among the patients in outdoor clinics, one 


TICs, 


finds a fairly 
ge number who actively pursue their lifework despite quiescent cavi- 
lesions. As a rule, the fact that a person is considered a sufficientl; 
operative risk to be submitted to surgical treatm is in itself 
lication of a high degree of chronicit\ 
the lungs. One with an acutely or subacutel) 
lmost without exception, not chosen for operation. patients with 
nsely chronic tuberculous lesions are apt to live for many years and 
ong able to pursue their occupation under conservative treatment. 
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We also feel it necessary to touch in cursory fashion on a point whic! 
we intend to amplify in a subsequent communication. It is not ou 
intention in this paper to compare our results with those reported by) 
others, especially in the surgical literature. It is essential to bear in 
mind that if a tuberculous patient suffers from few or no symptoms oi 
the disease, especially if he is free from symptoms due to tuberculous 
toxemia before the operation, his subsequent well-being is not necessaril) 
to be attributed to the operation. This class of tuberculous patients 
bear any surgical operation quite well. We realize that this is a plati- 
tude, but it is a platitude the neglect of which has furnished the basis 
for many of the results reported in the recent literature on the surgical 
treatment of tuberculosis. It cannot be too strongly emphasized that 
the presence of anatomic changes in the lungs, no matter how extensive, 
does not call for treatment in the absence of toxic symptoms. The 
history of phthisiotherapy is replete with therapeutic measures which 
gained temporary repute through their application in cases of purely 
“anatomic’”’ tuberculosis. 

Bearing these points in mind, we are in a position to evaluate the 
benefits derived by the forty-four patients whose histories we have 
detailed. The fact is worthy of reiterated emphasis that we have 
included only those patients who have been kept under continuous 
observation in the sanatorium, hospital and finally in the outdoor 
clinic for from two to ten years. Our results are as follows: 


1. The postoperative mortality, death within one week, was four out 


of forty-four, or 9 per cent. Fourteen out of forty-four, or 30 per cent, 


died within one year after the operation. This proportion is higher 
than would be expected under any other form of treatment, or no 
treatment at all, in patients with the variety of pathologic changes in 
the lungs and the paucity of toxic symptoms necessary to render them 
good operative risks. 

2. We also find that of the forty-four patients operated on, seven, 
or 15.9 per cent, are still in the hospital, and fourteen, or 31.8 per cent, 
are still under treatment in the outdoor clinic or some other institution, 
and are unable to do any work whatever, suffering as they do from 
chronic and active pulmonary tuberculosis. In other words, irrespective 
of the local results attained by the operation or of its influence on th 
symptoms of the disease, 48 per cent of the surviving patients have not 
been rehabilitated to such a degree as to fit them to reengage in their 
occupations or to do any work whatever. In this class should be 
included those who died within a year of the operation. If this is done, 
it is found that in 80 per cent of the cases (thirty-four of forty-four 
no benefit has been derived from the thoracoplastic operation. 
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Five patients are fit for some work. However, each suffers from 
ptoms of pulmonary tuberculosis. Each one expectorates more or 
profusely, is dyspneic and fatigued by slight muscular exertion 
1, 2 and 3). One (case 4) has been in various sanatoriums 


asecs ~ 


r eight years since the operation. Some patients (e. g., case 7) might 
have been considered “cured” if the results had been reported pre- 
iturely. 

4. In the cases in which thoracoplasty was performed with a view 
to controlling recurrent pulmonary hemorrhage, even though the general 
ondition may have been fair or good (cases 27, 29, 30, 31 and 33), the 
results have not been encouraging. The patients still bleed. Indeed, 
some patients, in whom hemorrhage was not the symptom which induced 
urgical intervention, or who never bled, began to bleed more or less 
copiously after the operation (cases 1, 5, 18 and 19). 

5. In no case have we observed that a tuberculous cavity was com- 
pletely collapsed after thoracoplastic operation. Unequivocal proof of 
this fundamental point has been afforded by our examination of serial 
roentgen pictures of every patient operated on. Moreover, examination 
if the lungs of those coming to necropsy showed that the cavities 
remained quite large and open (cases 15, 18, 20, 22 and 24). Our 
roentgenologic and postmortem experience teaches that collapse of tuber- 
culous cavities by thoracoplastic operation, which is supposed to promote 
their obliteration, is entirely illusory. 


6. Of the ten patients with pyopneumothorax submitted to thoraco- 


lastic operations, four are dead, two are still in the hospital very ill, 
three attend the follow-up clinic with annoying draining sinuses, and 
though still having a draining sinus, is well enough to do part 


work (case 36). 

7. It is our impression that had we cared for these forty-four 
patients along tried and conservative lines of treatment or had we 
llowed them to drift without treatment, the final results would have 
been much better. The number that died during the period these 
patients were under observation would surely have been smaller; the 
number fit for the kind of work pursued by the five patients considered 
rehabilitated would have been much larger. 

8. We have not observed a patient who, when seen several years 
r a thoracoplastic operation, was free from symptoms of tuberculous 
ease to the same extent as we often observe following the appli- 
m of climatic or institutional treatment, with or without artificial 


1 
motnorax. 
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OMAHA 
The recent enlightening researches on iron metabolism have given 
increased emphasis to the importance of iron in the blood stream. There 
are four interesting phases in which blood iron participates: (1) storage, 


(2) catalysis, (3) ferrification and (4) production of hemoglobin. 


ACTIVITIES OF BLOOD IRON 


Storage—The factors determining the storage of iron in the body 
are indefinite, although in children it has been suggested that a higher 
intake of iron results in increased storage.’ In any event, the circulation 
figures prominently in this activity by transporting and distributing 
the iron stored in the body. However, the form in which iron is trans- 
ported in the blood stream is vague. Free iron is known to be highly 
toxic in the blood stream. Its great affinity for nitrogenous complexes?” 
facilitates the assumption that iron occurs in some such union. One 
plausible explanation of the iron traffic designates the red blood cell 
as the carrier, the lecithin of the corpuscular envelop binding the iron 
loosely.* The storage of iron in any cell or tissue would then depend 
on its possession of iron-avid substances which could displace the 
lecithin in a more stable combination with iron. The spleen would ulti- 
mately receive the remaining iron on completion of the life cycle of the 
erythrocyte in that organ. In addition to the spleen, the other great 
storehouses are the liver and the blood hemoglobin. These reservoi 
maintain a total sum of iron which is constant. Although the propor 
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stored in each is always shifting, a loss in the iro content of any 
is reflected in an associated gain in the others.* 
atalysts.—W arburg’s ® establishment of the respiratory ferment as 
iron complex has been a stimulus to the study of metallic catalysts 
| enzymes. The chromatin in the nucleus of every cell contains con- 
cealed iron.© That the nuclear material dominates the metabolism of 
he cell is also a fact. The ferruginous portion of hemoglobin, the 
heme, has recently been shown to be closely related to enzymes and to 
irious undetermined substances in animal cells.*. This relationship 
lemands attention because of its bearing on the transformation and 
interchange of iron in the organism. 
Ferrification.—Ferrification, to introduce a new term for the deposi- 
of iron in inflammatory areas, is a protective process similar in 
urpose to calcification. The migration of the red blood cells into inflam- 
atory areas has not been greatly emphasized hitherto because of the 
assiveness of the concomitant leukocytosis, which has overshadowed 
the important part played by iron in the classic picture of inflammation 
he mobilization and deposition of iron in areas of inflammation have 
been satisfactorily demonstrated by Menkin.* More recently he has 
advanced a definite protective function for iron in tuberculous lesions.° 
The fact that iron also accelerates the growth of connective tissue cells ® 
suggests that this element may be influential in walling off pathologic 
processes and in instituting the repair of tissue. The excess deposits 
of iron which are known to occur in hemochromatosis and hepatic 
cirrhosis are also accompanied by great fibrous overgrowth.’® Cancer 
cells are reported particularly rich in iron.* Aside from the obvious 
increase of iron in the excessive chromatin material which is found, the 
exact status of the metal in neoplasms is less evident. 
Production of Hemoglobin.—The great importance attached to iron 


the various activities described is not reflected quantitatively in the 
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blood stream. Almost all of the iron found is part of the hemoglobin 
molecule. Nevertheless, the earlier experimenters described a non- 





hemoglobinous portion of iron as a substantial fraction of the whole 
blood iron.** The existence of nonhemoglobinous iron in comparatively 
large quantities, however, is open to doubt. In the first place, the earlier 
workers determined iron by methods which are now considered inac- 
curate. In the second place, they calculated the iron content of hemo- 
globin erroneously by using an incorrect factor. They were not awar 
of the Butterfield ** factor—iron equals 0.335 per cent of hemogiobin— 
which is accepted today. In the third place, they estimated the hemo- 
globin content by direct colorimetry, a procedure still utilized in modern 
clinical methods, although far from yielding accurate results because of 
the presence in the blood of interfering extraneous pigments, such as 
bilirubin, carotene and carboxyhemoglobin. 


EXPERIMENTAL MATERIAL 


To our knowledge no extensive report of whole blood iron is avail 
able. We therefore considered the desirability of determining by a: 
accurate method whole blood iron in a large series of normal male and 
female subjects. We experimented on 100 medical students in the 
freshman and sophomore years, varying in age from 20 to 25 year 
and 50 nurses, varying in age from 20 to 30 years. 


METHODS 


In each case blood was drawn in a preabsorptive period, from the men at 
12 noon just before lunch, and from the women at 9 a. m. before breakfast, during 
the months from January to April, inclusive. We specify the time as Rabinovitch ' 
showed that the hemoglobin content varies somewhat at different periods of the 
day, and Lippincott !* found that hemoglobin exhibits a monthly or a seasonal 
variation. 

Determinations of iron were made on oxalated blood. The method employed 
was that of Wong?> except for some slight modifications. To 0.5 cc. of blood 
accurately pipetted into a 50 cc. volumetric flask was added 2.5 of 
centrated sulphuric acid, and the flask was revolved rapidly. Two cubic centi- 
meters of a saturated solution of potassium persulphate previously measured int 
small tubes was then added by means of the original blood pipet (assuring rinsing 
to oxidize the iron to the ferric state. About 25 cc. of distilled water was added 
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Blood, J. Biol. Chem. 77:409 (May) 1928. 
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rlohir ter the flask had been cooled under the tap. The proteins were then 
ne pitated by the addition of 2 cc. of a 10 per cent solution of sodium tungstate. 
flask was made up to mark with distilled water, and the contents were 
roughly mixed by shaking. As much of the clear supernatant liquid as possible 
filtered through acid-washed paper into a cylinder, in which exactly 20 cc. 

was collected. 


non- 
1 
whole 


tively 


inac- fo 1 cc. of a standard iron solution containing 0.1 mg. of iron, 1 cc. of con- 
emo- entrated sulphuric acid and 0.8 cc. of a saturated solution of persulphate were 
added, and the cylinder was filled to the 20 cc. mark with distilled water. Both 
he standard and the unknown solution then received 1 cc. of saturated potassium 
persulphate and 4 cc. of third-normal potassium thiocyanate. The cylinders were 


ware 
bin— 
emo- stoppered and shaken, and samples from each were compared in a colorimeter. 

»dern [he ubiquitous nature of iron makes for ease of contamination. Error is over- 
se of me by scrupulous care of the reagents. The water and sulphuric acid used should 
be redistilled from a glass apparatus, and the chemicals and filter paper employed 
should be frequently tested for iron. Fading of the ferric thiocyanate color pro- 


“h - 
cA as 


luced is negligible when speedy comparisons are made. 

Blood counts were made with standardized pipets and standardized counting 
chambers. 

For the determinations of hemoglobin, an older model of the Dare hemo- 
globinometer using candle light was employed for the samples of blood in table 1, 

a newer model utilizing electric light for the samples of blood in tables 2 
1 3. These determinations, as well as the blood counts, were made on samples 
of blood obtained by cutaneous puncture of the lobe of the ear. 


EXPERIMENTAL DATA 


The figures for white and red cells and for iron hemoglobin, iron 
index and iron color index are given in tables 1, 2, 3 and 4 

Blood Iron.—Most figures for blood iron are at least thirty years 

They were obtained by methods no longer in use. Fowell * quoted 

eight authors whose figures ranged from 44 to 57 mg. per hundred cubic 
centimeters of blood. Some recent figures which have been published 
are given in table 5. 

The figures of Murphy, Lynch and Howard,’® in comparison with 
those of others, are too low, a fact which they themselves stated. 

Our figures indicate that in men the whole blood iron ranges from 
40.05 to 58.60 mg., with an average of 50.01 mg. per hundred cubic 


centimeters and a probable error ** of 2.56. The figures for women are 


lower, showing a range from 33.45 to 49.25 mg., with an average of 


$2.67 mg., per hundred cubic centimeters and a probable error of 2.13 


H emoglobin.—For converting the value of whole blood iron to grams 
: ; a aie <a , wae 
hemoglobin, we employed Butterfield’s factor, iron equals 0.335 per 
ent of hemoglobin. 

16. Murphy, W. P.; Lynch, R., and Howard, I. M.: Value of Determinations 
Iron Content of Whole Blood, Arch. Int. Med. 47:883 (June) 1931 

17. The probable error of distribution. Thus, any normal whole blood iron 
i chance of falling somewhere within the range between average plus 


error 





Tas_e 1.—Normal Whole Blood Iron; Determinations of Ir 
50 Normal Male Students* (Wong’s Method 


Percentage Hemo 
Mg.of of Hemo- glot 
White Iron in globin, Gm. in 
slood 100 Ce. of Dare 100 Ce. of 
Name Yells Cells slood Methodt Blood 
Roce. 5, ) 9,2 55 838 16.42 
Roch. 0 J yf 14 
Have. 5, 1 
Kaz! 5,280,000 9, 55.85 93 l 
‘Ture. 4,768,000 1 
Dana. 5,664,000 
Dwye. 5,344,000 
Hill. 4,892,000 
Flyn. 5,216,000 9,600 
Dete. 5,024,000 9,000 
King. 4,896,000 7,800 
Deet. 3,376,000 5,800 
Stro. 5,344,000 8,400 
Ster. 5,152,000 


) 


7,800 


Roon 5,056,000 7,000 
labo. 4,706,000 7,200 
Rane. 5,408,000 1,600 
Spra. 4,992,000 9,600 
Kuzi. 5,066,000 5,000 
Seam. 5,618,000 5,200 
Tana. 4,388,000 9,200 
lei. 4,548,000 8,000 
Kech. 4,896,000 5,400 
Shau. 4,992,000 9,200 
4,852,000 8,000 

4,704,000 7,000 

5,152,000 6,600 

5,056,000 9,600 

4,800,000 7,800 

5,088,000 9,400 
4,640,000 10,400 

° 5,120,000 9,600 

O' Bri. 4,352,000 7,800 
Proce. 4,608,000 6,400 
Pani. 4,288,000 6,400 
Fior. 4,992,000 5,600 
Finn. 5,056,000 8,200 
Gree. 4,768,000 8.800 
Fras. 4,364,000 8,400 
Form. 4,896,000 6,400 
Lafk. 5,024,000 5,800 
Lark. 5,152,000 7,000 
Lang. 4,832,000 5,400 
Iver. 5,056,000 8,600 
Homa. 5,120,000 8,600 
Hohl. 5 11,000 
John. 4,768,000 4,400 
Ferl. 4,960,000 5,600 
Durr. 4,544,000 7,600 
Appe. 4,832,000 5,600 


Average 33,520 7,680 


* The students were from 20 to 25 years of age. 
t The percentage of hemoglobin was determined with the old Dare her nometer. 
: The number of grams of hemoglobin was estimated from the blood iron. Hemoglobin 
contains 0.335 per cent of iron (Butterfield). aided 
100 ce. of blood = 49.75 
- — =- = 14.8 Gm. of hemoglobin. 


d-00 8.35 





§ The iron lex was determined by the Murphy method: 
Mg. of iron in 100 ec. of blood 55.00 
5 — = - 10.61 


Red blood cells in millions 5.18 

ens 2 - Percentage of iron 
# The iron color index was determined by the following ratio: ——__— ee ee 2 

- ' 7 Per Cent of Red Blood Cs 

(50 mg. of iron in 100 ce. of blood equals 100 per cent of iron: 5,000,000 red blood cells e 


100 per cent of red blood cells). 





he percentage 


Normal Whole 


Si) 


4,364,000 
5,068,000 
280,000 
4,544,000 
5,408,000 
5,312,000 
,312,000 
>, 088,000 
5,248,000 
5,376,000 
5,024,000 
5,216,000 
. 180,000 
4,416,000 
5,216,000 
4,320,000 
5,162,000 
4,512,000 
4,896,000 
4,608,000 
4,766,000 
,376,000 
5,024,000 
4,832,000 
4,960,000 
4,396,000 
4,864,000 
5,184,000 
5,056,000 
5,344,000 
5,376,000 
5,344,000 
5,216,000 


5,120,000 
4,960 000 
5,056,000 
5,088,000 
4,864,000 


152,000 


subjects were 


Normal 


MN to 25 


Blood 
Male 


White 


Blow 
"n 


Cells 


5,000 
5 .f in) 
4,500 
7,600 
300 
8,600 
6,600 
1,800 
6,200 
9,400 
6,800 
8,400 
8,200 
4,400 
6,000 
7,200 
9,600 
5,000 
10,000 
8,200 
7,800 
5,800 
6,400 
5,600 
8,800 
9,600 
6,700 
9,000 
8.600 
2,200 
7,800 
8,000 


5,600 


ams of hemoglobin 


Tr mm: 


Students * (W 


mas 


Gm. of 
Hemo 
globin 

00 Cx 


Percent 

age of 

Mg.of Hemo- i: 
Ironin globir 
100 Ce. of Dare 

Blood Methodt 


Dare 
Method? 


49.79 
48.55 


years of age 


were 


Determinations of 


of Blood, 


100 Ce. of 


Tr mn 


Method 


Hemo 
globin, 
Gm. in [ror 
Color 


Blood Index 








Taste 3—Normal Whole Blood Iron: Determinations of Iron on Blood fr 


50 Normal Female Subjects * (Wona’s Method) 


Gm. of 
Percent- Hemo- 
ageof globin Hemo- 
Mg.of Hemo- in 100 Ce. globin, 
Red White Ironin globin, of 3lood, Gm. in 
Blood slood 100Cc.of Dare Dare 100Cec.of Iron 
Cells Cells Blood Method+ Method+ Blood Index 


Have P 4,352,000 8.600 & 15.9 13.09 10.01 


ctensesaeoasinansans 


Pole . 4,736,000 6,604 
Ande ee: 4,288 000 5,800 
Hery .. 4,640,000 10,600 
Clar 4,096,000 860K 
Dahl , 4,480,000 8,800 


Byer ‘ 4,736,000 8,000 


Detil.... ; 4,576,000 6,000 
Brow Js 4,480,000 5 
Myer... : 4,352,000 5,400 
Kuce..... : 4,640,000 6,000 


Dewe.... 912,000 


,000 


Deer 576,000 
Lise 4,480,000 
Moom... 4,576,000 
Cope oe 4,832,000 


naman 


Trei 256,000 
Schi 2,000 
Kota : 4,896,000 
Stre - 4,448,000 
Nels 4,384,000 
Akin 4,994,000 
Lewi ae 4,640,000 
Glas..... ; 4,672,000 
Yost. , 4,320,000 
So ee - 4,128,000 
MeDo.... 4,544,000 
Romp 4,640,000 
Dier oe 4,160,000 
Wese 4,768,000 5,600 
Mete 4,074,000 10,000 
Swar ‘ 4,544,000 6,000 
Mors... 4,768,000 4,600 











Drap ; 4.448.000 7.600 
Sehl.. 4.576.000 1,600 
Will . 4,192,000 5,800 
Full : 4,480,000 7,000 
Olms 4,512,000 8.800 
Vely : 4,416,000 5,400 
Pena 4,064,000 7,000 
Schm 4,288 000 5,800 
Boyd 4,122.000 
Schm.. 4,384,000 
Fish 4,800,000 
MeAl ; 4,384,000 
Wals.. 4,416,000 
O'Nei 4,160,000 
Phil 4,284,000 
pee 4,768,000 
Me Ke ‘wees 4,390,000 


Average 4,457,000 


* The subjects varied from 20 to 30 years of age. 
+ The percentage end grams of hemoglobin were determined with the new Dare hé 
binometer. 





{NV BLOOD 


Comparisons of the whole blood method with the accepted oxygen 
pacity method for the estimation of hemoglobin show close agreement, 
1s confirming the equality of hemoglobinous iron with whole blood 

The transport iron which is constantly being carried by the 
od to and from the various storehouses, for the bone marrow, for 


o} Bl 0 1 


Normal Whole Blood Iron, Averages, Determinations 


100 Normal Male Students and 50 Normal Women 


Gm. of 
Percent- Hemo 
ageof globin Hemo 
Mg.of Hemo- in 100 Ce. globin, 
Red White Ironin globin, of Blood, Gm. in Iror 
3lood Blood 100Cc.of Dare Dare 100Ce.of Iron Color 
Cells Cells Blood Method* Method Bloodt Index Index 


5,004,400 


4,457 


* Different models of the Dare hemoglobinometer were used for tables 1 and 2 
rhe hemoglobin was estimated from whole blood 


globin). 


iron ron equals 0 


TABLE 5.—Recent Figures for Bl 


f Iron per 100 Ce. of Blood 
Number of 
Author In Women Samples 
an (J. Biol. Chem. 35 : 231, 1918 
kett (J. Lab. & Clin. Med. 103 1018, 1925 
) I 


Bert 


yneh and Howard,'® 19 


Sa 
Murphy 


talysis and tor other processes, occurs in only minute quantities at any 


bill 


> time. Over a given period it may be responsible for a large store 
l 


n. But in any one sample of blood almo > entire amount of 
is bound by the hemoglobin molecule. Consequently, accurate 
the hemoglobin is possible from figures for whole blood 


}? ly- ; » h- rel et - - ] 7 : 
‘ecently serum iron has received a great deal of attention. Deter- 


nations of iron in blood serum in this laboratory (unpublished 
as well as those reported by others,’® rule out the quantitative 
J. W.; Rice, E. C., and Selinger, M. A.: Plea for Standardized 
fethod of Estimating and Reporting Hemoglobin Values, J. Lab. & Clin. Med 
11:737 (May) 1926. Karshan, M., and Freeman, R. G : 
I hods, ibid. 15:74 (Oct.) 1929. 
A.; Main, E. R., and Rosbash, D. O "¢ and Non-Hemo- 
us Iron Contents of Blood Serum in Disease, J. Clin. Investigatior 
11:527 (May) 1932. Warburg, O., and Krebs, H. A Jeber locker gebunder 
I nd Eisen im Blutserum, Biochem. Ztschr. 190:143, 1927 


f 
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significance of blood iron present in this form. In the normal male 
subject the serum contains approximately 0.1 mg. of iron per hundred 
cubic centimeters, a negligible figure representing only 0.1 per cent of 
the whole blood iron. Even in a condition such as pernicious anemia, in 
which serum iron is said to be abnormally high, it does not exceed 
0.3 mg. per hundred cubic centimeters of serum. Assuming that the 
whole blood iron in the particular case was 15 mg. per hundred cubic 
centimeters (only 30 per cent of the normal), the iron present in the 
serum would still amount to less than 1 per cent of the whole blood 
iron. 

In the blood of 100 normal male subjects we found a hemoglobin 
content varying from 11.95 to 17.49 Gm. per hundred cubic centimeters. 
In this series 90 per cent are included within the range of from 13 to 
16.4 Gm. of hemoglobin. The average hemoglobin content was 14.93 
Gm. per hundred cubic centimeters, with a probable error of 0.76 
Wintrobe *° reported an average hemoglobin content of 14.53 Gm. per 
hundred cubic centimeters for 100 men. His figures were obtained by 
the Newcomber method after standardization of the instrument by the 
oxygen capacity method. He also stated that 274 determinations made 
in different parts of the world indicate a hemoglobin content of 14.6! 
Gm. per hundred cubic centimeters of blood. This figure agrees closely 
with that of Osgood, who reported 14.66 Gm. on the basis of a red cell 
count of 5,000,000. 

Our findings indicate that the average hemoglobin content for women 
is 12.74 Gm. per hundred cubic centimeters of whole blood, with a 
probable error of 0.66. Variations range from 9.98 to 14.70 Gm. 

The figures for hemoglobin obtained with the new Dare hemo- 
globinometer given in tables 2 and 3 show little relationship to thos« 
accurately derived from the whole blood iron. This lack of agreement 


emphasizes the error possible with similar clinical instruments, which at 
best may serve to reflect but roughly the true blood picture. Extraneous 
blood pigments, such as bile pigments and carotene, play no little part 
in interfering with the accuracy of most of the clinical colorimetric 


methods now in use. 

Iron Index.—This iron index, which was introduced by Murphy. 
Lynch and Howard, established a relationship between the individual 
red cell and its iron content.’® 


Mg. of iron in 100 cc. of whole blood 
First three figures of the red cell count 


Hemoglobin, according to the Butterfield factor used, is a multiple 
of the iron in the blood stream. Consequently, to record the relative 


== iron index. 


20. Wintrobe, M. M.: Hemoglobin Standards in Normal Men, Proc. 5 
Exper. Biol. & Med. 26:848 (June) 1929. 

21. Osgood, E. E.: Hemoglobin, Color Index, Saturation Index and Vol 
Index Standards, Arch. Int. Med. 37:685 (May) 1926 
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int of iron in the red cell by the iron index is merely another way 

designating the amount of hemoglobin contained in each red cell. In 
searching for precisely such an index which would express the hemo- 
globin content per red cell, the older hematologists formulated the color 

lex. The reliability of the color index depends on the accuracy of 
figures in the ratio ieee an ae from which it is derived. 
Since the whole blood iron can be determined more accurately than the 
percentage of hemoglobin (estimated by any of the ordinary clinical 
nstruments ), the iron index has the advantage of greater accuracy over 
older color index. 

Murphy, Lynch and Howard reported that the average iron index 

normal men and women falls between 8 and 9.'* Clinically, they 
ubstituted the iron index for the color index in differentiating per- 
nicious anemia from secondary anemia. Thus an iron index above 10 
corresponds to a color index of + 1, which is characteristic of per- 
icious anemia. An iron index below 8 corresponds to a color index of 

1, which is characteristic of secondary anemia. 

Our results indicate that the iron index for normal men is 10.01, 
vith a probable error of 0.65, and for normal women, 9.59, with a 
probable error of 0.56. The low figures for whole blood iron of Murphy 
ind his associates are responsible for the correspondingly low iron 
ndexes which they obtained. Our figures for the iron index establish 
1 new range from 9 to 11 for the average normal man or woman. The 
normal variations given in tables 1, 2 and 3 are, however, too great in 


ur series to permit a sharp demarcation of the pathologic index from 


il 


he normal index. As a result, the iron index suffers in its clinical 


ipplication. 
Iron Color Index.—In order to retain the convenient +1 and —1 
the older color index and yet take advantage of the greater accuracy 
{ the iron index, we propose for clinical use the iron color index. The 
lder color index, which we designate as the hemoglobin color index, 


ee. - - per ge of red blood cells rt . 
is derived from the ration chin: + Lhe new color index, 
pe age of hemoglobin 


vhich we designate as the iron color index, is derived from the ratio 


reentage iror 


tage of red blood cells 

In order to determine the percentage of iron, we took our averages 
50 mg. of iron per hundred cubic centimeters of blood in the men 

+2.7 mg. of iron per hundred cubic centimeters of blood in the 
men as representing 100 per cent. Thus, blood from a man which 
ntains 40 mg. of iron per hundred cubic centimeters is regarded as 
ing 80 per cent of the normal iron content. 

[he iron color index, which runs parallel in value to the old hemo 


bin color index, may be used to advantage clinically if certain princi 
tr 


es are kept in mind. Thus, the iron color index is applicable only t 





laste 6.—Miscellaneous 


Mg. of Percent- Hemo- 

Iron age of globin, 

in Hemo- 

White 100 Ce. globin, 
Blood of Dare 

Cells Blood Method* 


Red 
Blood 
Name Diagnosis Cells Blood Index 
Mr. Buhl. 


Mr. Bena.(1)+ 


Carcinoma of stomach 4,448,000 6,400 
Malignant condition of 
3,712,000 4,600 

Mr. Bena.(2); 

... 2,080,000 
Carcinoma - 425 
Carcinoma of pelvis.... 
Carcinoma of mouth.... 
Carcinoma of pelvis. 
Carcinoma of esophagus 
Carcinoma of esophagus 
Carcinoma of pelvis. 
Carcinoma of uterus... 
MVOORTMEB ee sccceces f 
Hypertension....... 4,832 
Hypertension.. 4 


4,200 
4,300 
7,600 
5,600 
4,600 
6,600 


Mrs. Braw. 
Mrs. Geer. 
Mrs. Fole. 
Mrs. Kell. 

Mr. Murp.(1)+ 
Mr. Murp.(2)+ 
Mrs. Houb. 
Mrs. Howa 
Mr. Garm. 
Mrs. Blot. 
Mr. Whee. 














Mr. Flow. 
Mrs. Rose 
Mrs. Kill. 
Mr. Brac. 
Mr. Gren. 
Miss Gamm. 
Mr. Cott. 
Mr. Metz.(1)+ 
Mr. Metz.(2)+ 
Mrs. Brou. 
Mr. Loue. 
Mrs. Frei. 
Mr. Kell. 
Mrs. Dreg. 
Miss Cain. 
Miss Cire 
Mrs. Cald. 
Mr. Axen, 
Mrs. Merr. 
Mr. Lads. 
Miss Gert. 
Mr. Burt 

Mr. Stew.(1)+ 
Mr. Stew.(2)+ 
Miss Hind 
Mr. Urid 

Mr. Rick 

Mrs. Mals 
Mrs. Dart 
Mr. Levi. 
Mr. Hine.(1)+ 
Mr. Hine.(2)+ 
Mrs. Pari 
Mrs. Bel 

Mrs. Bett 
Mr. Davi. 


Miss Gray 
Mr. Wrig 
Mrs. Mill 
Mr. Sodo 
Mrs. Bouk 
Mrs. Hyne. 
Mr. Stro 
Mrs. Hann. 
Mr. Burn. 
Mrs. Mill. 
Miss Bush. 
Mrs. MeWi. 


Arteriosclerosis.. 


Hypertension.. 
Hypertension.. 
Nephritis....... 
Nephritis...... 
Nephritis 


Diabetes 
Diabetes 
Rheuma 


Arthritis 
Neurosis 
Neurosis... 
Neurosis 
Neurosis.... 
Neurasthenia 
Neurosis... 


Chronic appendicitis., 


Hyperacidity 
Mucous colitis 
Mucous colitis 


Ulcerative colitis.. 


Duodenal! ulcer 
Hyperacidity 
Duodens 
Spastic colon 
Hyperacidity 


Cirrhosis of liver 
Cirrhosis of liver 


Cholecystitis... 


Cholecystitis....... 


Cholecystitis.. 


Subacute yellow atrophy 


of liver... 
Migraine 


Petit mal epilepsy. 
Psychoneurosis. 


Fréhlich’s syndrome... 
Incipient tuberculosis... . 
Latent tuberculosis...... 


Acute pneumothors 


Oophoritis.... 
Normal..... 


> Oe 


4,768,000 
4,576,000 
4,420,000 
4,064,000 
2,080,000 

352,000 

860,000 

,672,000 
,330,000 
5,088,000 
4,896,000 
4,768,000 
4,512,000 
4,704,000 
4,544,000 
4,608,000 
4,540,000 
4,608,000 
4,544,000 
4,256,000 
4,288,000 
5,056,000 
4,164,000 


4,064,000 
4,512,000 
4,828 000 
4,704,000 
4,256,000 


4,160,000 
4,896,000 
3,808,000 


6,000 
7,800 
9,800 
7.200 
7,200 
6,000 
4,200 


o te 


2,624,000 
2,560,000 
3,648,000 
2,390,000 
2,240,000 


Mr. Newe. 
Mrs. Rice 
Mrs. Drie. 
Mrs. Doyl. 
Mrs. Enho. 


Hodgkin's disease... 
Secondary anemia... 
Pernicious anemia 
Pernicious anemia. 
Secondary anemia 








Mr. Voln. 
Miss Lent. 


Pellagra 


Ovarian insufficiency 


4,064,000 
4,032,000 


* The old model Dare hemoglobinometer w as used 
+ Patient with two determinations of iron. 
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e anemic blood picture. For normal blood, the range of the indexes 
ded in tables 1, 2 and 3 is from 0.78 to 1.26; 50 per cent are +1 

Furthermore, although the differentiation of 

} 


50 per cent are —l. 
ine cases of hypochromic and hyperchromic anemia may be settle: 


1 ] 
Ti 


raerime 
iron color index, the index is of most significance when it is a 


+-] or a marked —1. 


terminations of Blood in Pathologic Conditions —We have deter 


the red and white cell counts, 
color index in 63 clinical cases 


iron, hemoglobin, iron index and 


are recorded tr 


SUMMARY 


[he average iron content of whole on analyses of 
les from 100 normal men, is 50.01 hundred cubic 
imeters. The average for 50 normal won 2.13 mg 
hundred cubic centimeters. The blood 1 

content than that of men. 
in whole blood is almost entirely) he hemogl 


since the quantity of nonhen present in 


he cellular elements is in calculating 
from whole blood iron 


; nar . 
ains U.5355 per cent of 1ro1 


14.93 


the basis that hemoglobi 
le that the average normal blood of men contains 
ets ee selina while the 
of hemoglobin pert centimeters, while the 
1 


- -s = 
race normal blood of women 


- 0.66 Gm. per hundre 


bic centimeters. 


dividing the 1 sO 
pa By ' 

ters otf blood by the first three figures 

unt, a quotient, and 

© atts Rete ies, Ue ee a ee 

iron index, is obtained. index for nor 


to be 10.01 + 0.65 Gr 


1 1 
emod! nm ner 
nogiobin pe 


Oa (1 


to the percentage of 
globin color index. 


this index lie in it 








NSIBLE PERSPIRATION: ITS RELATION 
TO BASAL METABOLISM 


GALE E. WILSON, M.D. 


SEATTLE 


The changes that occur in the body weight of normal persons from 
day to day or hour to hour are usually unnoticed, probably because 
they are relatively slight, and because attention has not been directed to 
such changes. It has long been recognized, however, that muscular 
exercise and severe work will cause a considerable loss in body weight, 
both through increased loss of water and through actual breakdown of 
the constituents of the body. 

Benedict ' in Boston is perhaps the foremost advocate of the clinical 
application of computing the metabolism by measuring the loss of weight 
caused by the insensible perspiration. He gives an excellent summary 
of the literature on this subject from the time of Sanctorius in 1614 
until the present. The insensible perspiration has been defined (Bene- 
dict) as “those gaseous emanations from the body which do not appear 
in the form of sensible moisture or sweat, in other words, the insensible, 
invisible, intangible but weighable gaseous and vapor productions arising 
from the lungs in the process of exhalation and from the skin by due 
process of vaporization, i. e., excretion of moisture and CO,.” 

In a series of preliminary experiments Benedict found that a normal 
person weighing 53.5 Kg. lost an average of 27.4 Gm. per hour for 
thirty eight-hour periods, whereas a woman of 60 Kg. lost an average 


of 28.7 Gm. per hour without visible perspiration. In later experiments 


he obtained values of 24 Gm. per hour in a woman of 55.5 Kg. and 29 


Gm. per hour in a man of 74.5 Kg. 

From these observations Benedict states that the “only conclusions 
to be drawn from these preliminary overnight observations on normal 
subjects are that in general the loss is approximately proportional to 
the body weight, and that with extra precautions fairly uniform values 
on successive nights can be secured. In the earlier observations 
it was noted that on those nights when the subjects slept very quietly 
the loss was much less than on nights when there was considerabl 
restlessness.” 


From the Harvard Medical School. 
1. Benedict, F. G., and Root, H.: Insensible Perspiration: Its Relation 
Human Physiology and Pathology, Arch. Int. Med. 38:1 (July) 1926. 
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WILSON—INSENSIBLE PERSPIRATION 


The possible effect of outside influences, food, etc., has also been 
refully studied by Benedict. He concludes that “following the inges- 
m of food there is invariably an increase in the insensible loss.” He 
lso states that in overnight observations the factors seem to balance 
ne another and give quite true values. In the present study no food 

was taken within at least four hours of the night weighing, and records 
were kept of the quality of the sleep, but no definite correlation with thé 
nsensible perspiration could be found. 

[he method used in the present research was exceedingly simplk 
The subject was weighed just before retiring and immediately on arts- 

g, accurate account being taken of the time elapsing between weighings. 
It is obvious that care must be taken that no hairpins, watches, etc., be 
removed without being accounted for, nor must the person being weighed 
have just taken a bath or in any way added water to the surface of 
the body by washing, wetting the hair, etc. Any excreta passed during 
the period of the weighing must be preserved and weighed. The drink- 
ing of moderate quantities of water before weighing seems to have no 
effect on the final overnight result. 

The scales used for the weighing in the case under consideration 
were the so-called “‘silk scales,” a small platform balance which is sensi- 
ive to a variation within 5 Gm. The periods of loss of weight have 
ll been overnight ones, and the accuracy of these scales in the case of 
1 person of normal or of average weight has been remarkable. A num- 
ber of check “‘losses” have been made on the large Sauter balance at the 
New England Deaconess Hospital in Boston. The latter balance will 
weigh 100 Kg. on each arm with an accuracy of within 1 decigram 
The check on the silk scales has been gratifying. 

The present study covers a period of one hundred and sixty-six 
consecutive days, during which time the é¢vening and morning weights 
were recorded, the duration and quality of sleep was noted, and the 
total and average hourly loss of moisture calculated. The basal metabolic 
rate was determined at approximately weekly intervals throughout the 
experiment, and in a few instances daily metabolism determinations 
were made. The entire measured loss covers a total of 1,510 hours. 
making this one of the longest continued series of observations on a 


single subject in recent years. The patient weighed 60.4 Kg. at th 


eginning of the experiment and 70.2 Kg. at the end of the experiment, 
five months later, thus closely approximating the weights of the sub 
cts in Benedict’s earlier experiments. 

The normal loss per hour of body weight, as determined by Bene 
lict and Root,? ranged from 19.5 Gm. per hour in subjects weighing 
36.5 Kg. or more, through 30 Gm. per hour in subjects weighing from 
60 Kg. to 67 Kg., and as high as 44 Gm. per hour in subjects weighing 
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90.5 Kg., thereby proving that the insensible perspiration in a normal 
person is in part dependent on the body surface as well as on the basal 
metabolic rate. 

From numerous measurements made on normal persons and on 
patients with diabetes and diseases of the thyroid gland, Benedict and 
Root have compiled a table showing the predicted production of heat 
in calories as estimated from the insensible perspiration measured in 
grams lost per hour. Their table includes losses from as low as 14 
Gm. per hour to as high as 58 Gm., but as the present study contains 


Twenty-Four Hour Heat Production of Human Beings Predicted from the 
Insensible Perspiration per Hour (Benedict and Root) 


Insensible Perspiration, Predicted Heat, Insensible Perspiration, Predicted Heat, 
Gm. per Hour Calories per 24 Hours Gm. per Hour Calories per 24 Hours 
ee . «1,590 SOREL OT EE TO TT 
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Fig. 1—Average insensible perspiration (Gm. per hour) for five day periods, 
showing relationship to the basal metabolic rate for one hundred and sixty-six days 


values of over 30 Gm. per hour only, the higher values of the table 
will be considered here. 

The normal twenty-four hour heat production of the patient under 
consideration in this experiment would be 1,507 calories as determined 
from the Benedict-Harris standard. This, on the scale presented, 
would correspond to an hourly loss of approximately 33 Gm. per hour 
Thus, with a 10 per cent increase in the basal metabolic rate onc 
would expect the insensible perspiration to rise to approximately +4 
Gm. per hour (1,840 calories per twenty-four hours) ; and to 54 Gm 
per hour (2,145 calories per twenty-four hours) with the basal metabolic 
rate 24 per cent above normal. 

In figure 1 there is graphically represented the average insensibl: 
perspiration (grams per hour) and the basal metabolic rate (respiration 
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thod) for five day periods over a total period of one hundred and 

sixty-six consecutive days. It will be noticed that during the first 
ionth of the experiment the insensible perspiration rose steadily, 
vhereas the basal metabolic rate fell nearly 10 per cent near the middle 
‘f the month. On December 5, the insensible perspiration was only 
36 Gm. per hour, with a measured basal metabolic rate of plus 15 per 
ent (1,986 calories per twenty-four hours). This, on Benedict’s scale 
should entail a loss of 48 Gm. per hour. On December 30, the basal 
metabolic rate was plus 24 per cent and the insensible perspiration had 
risen to 45 Gm. per hour (equivalent to 54 Gm. per hour on Benedict's 
scale). 

During January the insensible perspiration showed a still higher 
level over six five day periods, consistently averaging about 48 Gm. 
per hour, while the basal metabolic rate ranged between plus 5 per 
‘ent and plus 17 per cent. On Benedict’s scale we should expect values 
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Fig. 2.—Relationship of the basal metabolic rate (white circle) to the measured 
insensible perspiration (black circle) and to the insensible perspiration as calcu- 
lated from the Benedict-Root table (circle with cross). 


t from 42 to 52 Gm. (1,775 to 2,085 calories per twenty-four hours), 
vhich was actually closely approached. 

During February, both basal metabolic rate and insensible perspira 
tion averages declined, the former averaging approximately plus 12 
per cent and the latter ranging from 38 to 44 Gm. per hour. Benedict’s 
figures for this average metabolism (plus 12 per cent or 1,986 calories 

‘ twenty-four hours) would be 48 Gm. per hour, or slightly higher 
than our values. 

During March, the basal metabolic rate reached a low level early in 
he month and then began to rise slowly. The insensible perspiration 

se correspondingly from 40 Gm. per hour to reach a high level of 
50 Gm. per hour during the latter part of the month. 

\pril showed a rising basal metabolic rate which continued into the 

week of May. Accompanying this increase, the insensible per- 


iration remained at or near 50 Gm. per hour during the mont! 


til, 
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only to fall during May in direct proportion to the fall in the basal 
metabolic rate, both, however, showing a terminal rise. 

As was noted in a study of: the pulse rate in this same case, th 
first two months of the experiment did not show a very close correlation 
between the basal metabolic rate and the insensible perspiration, but by 
the third month (February) the two curves had “settled down” and 
thereafter varied quite directly with one another for the remainder of 
the record. 

The lowest sustained level of insensible perspiration was in February, 
during which time the lowest room temperatures were also recorded, 
but other than in ruling out visible perspiration, the exact significance 
is not at the moment apparent. 

Figure 2 contains a composite graph, which shows three curves. The 
first curve is the basal metabolic rate as measured by the usual respira- 
tion method; the second curve is the insensible perspiration in grams 
per hour as measured on the day of the indicated basal metabolic rate 
determination, and the third curve is compiled from the statistics of 
Benedict and Root, indicating the calculated insensible perspiration as 
predicted from the basal metabolic rate. While there is no close check 
between individual observations, the observed insensible perspiration 
and the calculated insensible perspiration follow the same general trend, 
and both vary roughly with the basal metabolic rate. 


SUMMARY 

The body weight, taken in the evening and in the morning, has 
been carefully recorded over a period of one hundred and sixty-six 
consecutive days. From this record the total overnight and average 
hourly loss from the insensible perspiration have been measured. The 
loss by individual hours has not been recorded. It has been found 
that the loss over any given period of time is proportional to the size 
(surface area) of the person and to the basal metabolic rate. The room 
temperature seems to have relatively little influence. In a person weigh- 
ing from 60 to 70 Kg., the loss from insensible perspiration varies from 
300 to 600 Gm. overnight, or from 30 to 60 Gm. per hour, even during 
rest or sleep. The loss per hour varies constantly but not too definitely 
with the basal metabolic rate, frequent determinations of which hav 
been made. A more extensive study of both normal subjects and 
persons with metabolic disorders will probably give averages from which 
it will be possible to estimate the basal metabolic rate accurately and 


easily by merely measuring the loss in weight by insensible perspiration 


over a short period, instead of by the present rather uncomfortabl: 
respiration method. From values obtained in this experiment and 
values obtained by Benedict and Root, an increase of 1 Gm. per hour 
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insensible perspiration is approximately equivalent to 30 calories 


twenty-four hour increase in the basal metabolic rate. 


ation CONCLUSIONS 
ut by a , a ; 
=a. 1. There is a definite loss in body weight through evaporation of 
‘+r from the skin and lungs, without visible perspiration. 
2. This loss in weight varies with the surface area of the subject 
nd is also dependent on the basal metabolic rate. 


ii 


nded 3. The loss in weight may amount to 600 Gm. overnight or to as 
las much as 60 Gm. per hour, even during sleep. 

4. A loss of 1 Gm. from insensible perspiration is the approximate 
The equivalent of 30 calories per twenty-four hours. 
pira- 5. It is possible and feasible to compute the basal metabolic rate 
rams by measuring the loss in weight due to insensible perspiration. 
rate 6. The findings of Benedict and Root have been extended and 
s of verified. 
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THERAPEUTIC APPLICATION OF ACIDOPHILUS MILK 
IN SIMPLE CONSTIPATION 
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Acidophilus milk as originally devised by Rettger and Cheplin 
1922* was the culmination of a series of efforts to establish a culture 
medium for the growth and study of Bacillus acidophilus which would 
preserve a high degree of viability of the organism and serve to meet 
various experimental and practical needs. Intensive search during th 


past ten years by various laboratories for a substitute possessing the 
merits of acidophilus milk in a form that would be more readily portabl 
and with a potency relatively permanent has not attained any degree oi 
success, so far as we are aware. 

The principle of acidophilus therapy is based on the following well 
known observations: 1. B. acidophilus, or a closely related aciduric 
organism, constitutes the bulk of the intestinal flora of breast-fed 
infants. 2. The oral administration of lactose or dextrin to man and 
lower animals stimulates the development of B. acidophilus in the intes 
tine. 3. Appropriate cultures of B. acidophilus (accompanied by ampl: 
amounts of milk, lactose or dextrin), when taken by mouth, survive 
passage through the digestive tract; in this respect they differ most 


+ 


markedly from B. bulgaricus. 4. No evidence is at hand to show that 
this organism and the metabolic products formed by it in any known 
medium are in the least harmful to the host when taken by mouth. 

In their early investigation of the therapeutic properties of acidoph- 
ilus milk, Rettger and Cheplin conducted experiments on twent} 
ambulant patients with conditions as follows: constipation, ten (includ- 
ing one with enteroptosis ) ; chronic diarrhea following an attack of bacil- 
lary dysentery, two; colitis, three; sprue, two, and eczema, three. The 
treatment with acidophilus milk brought at least temporary relief to a 

From the Department of Bacteriology, Yale University. 
1. Rettger, L. F., and Cheplin, H. A.: Bacillus Acidophilus and Its Thera- 
peutic Application, Arch. Int. Med., 29:357, 1922. 
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ve majority of these subjects. Although the patients were sent to 
e laboratory by various physicians, and although considerable coopera 
m was received from physicians, some criticism was directed against 

the work because it was carried out entirely by investigators who were 
t members of the medical profession. 

\ large number of bacteriologic and clinical investigations have since 
en carried out by various other investigators. A fairly complete 
bibliography of these, with brief abstracts of the work done up to 1931, 
has been published by Frost and Hankinson.* A perusal of this volume 
shows that the clinical results reported by different authors are, on the 
whole, favorable to the acidophilus therapy. However, the principle has 
met with considerable abuse at the hands of both the producers of aci- 
dophilus products and the physicians, with the result that there has beet 
some undermining of confidence in the principle. 

The abuse originated in a large measure because of the flooding of 
the market with numerous so-called acidophilus products which belied 
the labels they carried. Few contained 


n in 
ture B. acidophilus or any other 
aciduric organism in appreciable numbers at the time of purchase 


meet others which boasted of cultures of high viability contained, in place of 
r the the 


the 
table 


ould 


accepted intestinal aciduric type, an organism which resembled cet 


tain common oral or dental strains. 
marketed in 


Many of these products were 
the form of concentrates varying from pastes, powders, 
and candies to cultures and suspensions in broth, whey and fruit 


The concentrates, when they contained 


- 
IC 


the organism indicated 
labels were, as a rule, prescribed in such small doses as to be 
for the intended purpose. These substitute products, particularly 
: so-called concentrates, because of the ease with which they could be 
prescribed and administered, found many willing advocates and buyers 
ho demanded an article obtainable in pillboxes or medicine vials rather 


e that is supplied in massive viable liquid culture. 


‘idophilus treatment, to be at all effective, must 


mt 


nistration of massive doses of cultures of B. : 


favorable results should be expected only 
sti cemeta « 


ires are accompanied by relatively large 
ages sahicle To - ter oh 
lactose vehicle. Unfortunately these 
é ; 
too generally overlooked 


nfortunately also the acidophil principle has frequentl; 
a ¢ PACcaACc 3 oh e ¢ ‘ 1 
d in cases in which there has been re to vield to other treat 
. and attempts have been made to relieve symptoms and c 
1 are not directly ut of intestina 


or even indirectly the result of intestin: 
T 1 e 4g ‘er 
In 1922 Rettger : ote as follows: This 


us treatment) 1s not 
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cases of disturbances falling within its category necessarily respond to 
the acidophilus treatment. It is not an elixir in the sense that 
Metchnikoff’s B. bulgaricus was for a while supposed to be. The inges 
tion of relatively few acidophilus bacilli will not lead to implantation and 
bodily improvement.” Since then the same precaution against unwar- 


ranted optimism has been urged again and again by the same laboratory. 


In the investigation reported here, the authors attempted to select 
cases of simple constipation, that is, cases which were not complicated 
by any other known derangement. In several instances the factor of 
a nervous temperament could not be eliminated, and three subjects had 
had an operation on the gallbladder. Attempts were also made to select 
patients who had apparently led a more or less normal life. The patients 
were all ambulant, and no restrictions as to diet were imposed. 


MATERIAL AND METHODS 

All the cases reported in this paper were supplied by Dr. Levy from 
his private practice, together with a record of the routine physical 
examination and the history of each patient. The chief symptom of the 
subjects was chronic constipation, with more or less of the usual syn- 
drome, which was relieved only by the continued use of cathartics. 
Throughout the course of treatment with acidophilus milk the patients 
were examined at frequent intervals. The patients were ambulant at 
all times. 

The only change introduced into the diet was the ingestion of 1 quart 
(956 cc.) of acidophilus milk daily. Occasionally this amount was 
reduced as a matter of expedience. The viability of the acidophilus 
cultures in the milk was checked at frequent intervals and was always 
found to be high. All the patients were requested to discontinue the 
use of cathartics as soon as they started the milk treatment. They were 
instructed, however, to resort to an enema of warm (100 to 102 F. 
[37.7 to 38.8]) physiologic solution of sodium chloride if and when 
they experienced any discomfort owing to a failure to evacuate the bowel 
over a period of several days. This expedient was to be followed until 
natural evacuations were induced through the acidophilus milk 
treatment. 

In order to eliminate as much as possible the element of suggestion, 
each of the patients was made to understand at the outset that the 
proposed treatment was purely experimental and that not too much 
should be expected of it. In other words, the aim was to keep the sub- 
jects in a more or less doubting or critical attitude of mind instead of 
an overoptimistic one. However, the fullest cooperation was urged 
at all times. 


Immediately preceding the first administration of the acidophilus milk, fecal 
specimens were subjected to the usual physical and bacteriologic examination 
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h constitutes an important adjunct in experiments of this type. Similar fecal 


sminations were made at least once a week in the Yale laboratory of bacteriology, 


lowing the first ingestion of the milk. The laboratory procedure included the 


wing: (1) study of the physical character of the stool, i.e., the consistency, 
lor, color and chemical reaction (fu); (2) microscopic examination of the feces 
r parasites, and approximate determination of the relative numbers of gram- 
sitive rods resembling intestinal B. acidophilus, and (3) plating of the feces 

special agar, with a standard 4 mm. loopful of definitely emulsified and diluted 
The plating was done on tomato-yeast-peptonized milk agar, and the plates were 
ncubated for forty-eight hours in an atmosphere containing 5 per cent carbon 
oxide. Examination of the plates consisted in counting at least 100 colonies on 
each plate and determining the approximate percentage of acidophilus-like colonies 
The laboratory stock strain, Scavano, which was the one regularly fed to the 
patients, was used as a basis for comparison. 

Every patient was visited at least once weekly for a study of the results of the 
treatment as shown both by the physical condition and by the mental attitude of 
At these times the fecal samples were collected for examination in 
Every patient was instructed to keep an accurate record of the 
occurred between 


the subject. 
the laboratory. 
bowel movements and of any changes in conditions which 
visits 

After the milk treatment was begun, it was continued for at least 
eight to ten weeks, if the results were positive. At this point, and when 
a daily bowel movement was established, the milk treatment was inter- 


rupted, and the number of bowel movements per week and the general 
condition of each patient were carefully noted during the following “rest 


period.” 

As a rule, in patients who responded favorably there was a more or 
less gradual return to the abnormal condition until the second or third 
week after the first interruption of the milk treatment. When the con 
stipation became sufficiently aggravated to require resort to the cus 
tomary cathartic, the milk treatment was resumed. It was continued 
tor from six to eight weeks and then was again interrupted. With each 
‘ompletion of such a phase the favorable effects of the treatment 
appeared to be increasingly prolonged. This program of alternate con 
umption of acidophilus milk and interruption was continued until the 
relief remained “permanent” for at least from twelve to sixteen weeks 
When this stage was reached the 


ifter the last ingestion of the milk. 
jects were released from the experiment, although, in some instances, 
re or less contact with them was maintained. The patients were con- 
tinually under observation, and regular fecal examinations were made 
luring the period in which the treatment was temporarily interrupted, 
s well as when it was being continued. 
Patients who did not react favorably to the treatment within from 
ur to six weeks after the beginning were regarded as showing nega 
results, and the treatment was discontinued 
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Throughout the investigation evidence of a relatively permanent 
implantation of B. acidophilus was sought. To this end the feces of 
persons who responded favorably to the regimen and who seemed to 
have acquired prolonged or permanent relief (lasting at least sixteen 
weeks after the last acidophilus milk feeding) were repeatedly examined, 
and attempts were made to isolate B. acidophilus. Persons from whom 
isolations were obtained which were of the X colony type and which 
resembled the Scavano (ingested) type are referred to temporarily as 
“implanters.” Considerable additional study of the aciduric organisms 
isolated from these subjects will be necessary, of course, to show defi- 
nitely that the organisms isolated are identical with or resemble thx 
organism administered in the acidophilus milk. 

The total number of persons treatment of whom was attempted in 
this investigation was fifty-four. Eighteen of these were dismissed 
before the end of the first four weeks for various reasons, such as their 
dislike of the milk, their failure to follow instructions and to enter into 
full cooperation and their habits of living. Some of these promised 
clearly negative results; others, and perhaps a large majority, gave 
slight indications of responding favorably at the time the treatment was 
discontinued. None of the eighteen subjects who were dismissed is 
included in this report. 

POSITIVE RESULTS 

Twenty-seven of the thirty-six patients, or 75 per cent, responded 
positively to the treatment. These patients had a history of simple con- 
stipation. However, three of them had had an operation on the gall- 
bladder, as a result of which they experienced more or less discomfort 
when they were constipated. All were without definite nervous symp- 
toms. None of this group of twenty-seven patients was undergoing 
medication when first seen, except for the relief of constipation. Medi- 
cation, aside from the use of acidophilus milk, was discontinued 
immediately after the beginning of the experiment. Examination of 
the feces by the direct plating method before the first milk feeding 
failed to demonstrate the presence of B. acidophilus in the stools of 
twenty-four of the subjects. Three were found to harbor an acidoph- 
ilus-like organism in the intestine in numbers ranging from 15 to 45 
per cent of the total cultivable flora, as revealed on the agar plates. 
Strange to say, the acidophilus count for each of these three subjects 
dropped to zero during the first two weeks of acidophilus milk treat- 
ment, after which it started to rise. 


Some abdominal distention and discomfort were experienced by the 
subjects during the first two weeks of the milk treatment. Alleviation 


of the constipation usually occurred as soon as the distention disap- 
peared. The relief was not immediate. The bowel movements graduall) 
became more frequent, the feces acquiring a softer texture or con- 
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tency and a lighter color. A normal daily bowel rhythm was estab 
shed within from two to four weeks after the beginning of the 
treatment. The favorable change was correlated in general with an 
ncrease in the B. acidophilus content of the intestine, the counts on 
he plates, after the earlier rises, varying between 60 and 90 per cent. 


iom [he milk treatment was discontinued in all the patients within from 
‘ich eight to twelve weeks following the first feeding. Within a period of 


four weeks all but five patients had apparently lost the benefit of the 
treatment and were obliged again to resort to cathartics. The milk 
treatment was resumed. It was continued for from six to eight weeks 
nd then was again discontinued. In the cases in which beneficial 
results were maintained for from twelve to sixteen weeks following the 
second acidophilus milk feeding, as revealed by the bowel movements, 
he general condition of the subjects and the occurrence of appreciable 
numbers of B. acidophilus in the feces, attempts were made to isolate 
B. acidophilus from the stools, with the hope of demonstrating so-called 
permanent implantation of the administered strain in the intestine. 

In a few instances a third course of acidophilus milk treatment was 
necessary before protracted relief was established following discontinu 
ance of the milk; and in one case, which was of particular interest, four 
such courses were found necessary to prevent the recurrence of cor 
stipation within sixteen weeks after the last administration of the milk 

It was observed invariably that, on a return of the subjects to an 
abnormal condition of the bowels during the rest periods, the acidophilus 
counts for the feces underwent marked decreases. After resumption of 
the milk feeding the constipation was relieved within a week, and the 
acidophilus count rose rapidly. In patients who were apparently “per 

anently” relieved there was always a relatively high percentage of 

acidophilus in the feces, the mean average for the group ranging 
between 50 and 60 per cent. 

Fourteen of the twenty-six patients who responded positively, ot 
38.9 per cent of the entire group, were found, after two or more milk 
feedings and subsequent rest periods, to be so-called implanters ; that is, 
hey carried B. acidophilus in appreciable numbers in the intestine for 
t least from twelve to sixteen weeks after the last treatment. Isolations 

‘re made of the aciduric * organism carried by them. A study for the 


urpose of identifying these strains and of discovering their exact 


lation to the fed aciduric type or strain is now under way. Morpho 


~ally and in certain cultural reactions the isolated organisms resemble 


scavano strain which was used in the preparation of the administered 


philus milk. Some time will be required before a final conclusior 
their identity can be drawn. 
Two of the subjects in the group of twenty-seven who responded 


itively, or 5.55 per cent, were still free from constipation sixteer 


term aciduric refers to z 








390 ARCHIVES OF INTERNAL MEDICINE 


weeks after the end of the last period of treatment, but it was impos- 
sible to isolate an aciduric organism from their stools owing to the rela- 
tively small number present. One of these patients suffered several 
months later from a return of the constipation. Subsequent treatment 
again elicited a favorable reaction. 

Eleven of the subjects who responded positively are still under- 
going treatment. Some are in their second course of alternate treatment 
and rest. Further study of these, it is anticipated, may reveal their 
falling sooner or later into the group of persons who are referred to in 
this paper, for convenience, as implanters. 
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Graph showing results of feeding acidophilus milk in thirty-six cases of simple 


constipation. 


HISTORY OF SIX REPRESENTATIVE CASES IN WHICH POSITIVE 
RESULTS WERE OBTAINED 

Space does not permit a detailed account of each of the twenty-seven 
cases which gave positive results. The following selected histories are 
presented as fairly representative. In all these, the medical history, 
both past and present, was essentially without significance. 

Case 1—A white woman, 25 years of age, had a definite history of simple 
constipation extending over a period of ten years. Preliminary examination of the 
feces revealed no acidophilus-like organism. The stools were dark, firm, foul 
smelling and alkaline. Within the first two weeks of consumption of acidophilus 
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pm 1 quart daily) the aciduric flora of the 
)S- " 


feces attained a proportion of 70 per 
1 t of the total viable flora. 
rela- 


7 
This was accompanied | 


by marked relief 
tipation, the subject having at least one free movement of the bowels 
ut the use of the customary or of any other cathartic Phe 


idophilus milk was reduced, at the patient’s request, t 


a da 
eral 


daily amount 
nent 


1 pint (473 cc.). The 


feeding was continued for nine weeks, during which time the acidophilus count 


d between 60 and 90 per cent of the total viable intestinal flora and 
nent itient continued to have at least one movement of the bowels a day 

| At the end of the ninth week the milk treatment was interrupted for s 
1e1r 


There was a gradual return to the constipated condition; the movements 


der- 


the 


0 In e bowels were reduced to about three per week, and the acidophilus count for 
stool fell to between 15 and 40 per cent. 


continued for eight weeks. 


1 | 
p etely 


The milk treatment was resumed anc 
During this period the constipation was ag 


agall 
relieved and the intestinal aciduric flora predominated to the extent 
5 to 90 per cent of the total viable flora. At the end of the eighth week the 
patient was seen twice weekly, and 
fecal examinations were made each week for sixteen weeks. Throughout this 
d the subject remained entirely free from constipation, and a high count « 


k treatment was again discontinued. The 


* +} 


I tne 
] 


idophilus flora was maintained. An acidophilus-like organism was 
stool of this patient late in the second period of nonfeeding 
Case 2.—A white man, 28 years ol 


isolated from 


1, had had constipation 
Preliminary fecal examination failed to reveal B 
juart of acidophilus milk daily for eight weeks. During the first two weeks he 
mplained of marked abdominal distention and discomfort; there was 1 
the constipation except by enemas. The 
to 40 per cent). 


for about six years 
acidophilus. The patient took 


o reliet 
acidophilus count was low (fron 
Immediately following these two weeks the constipation was 
ieved and the acidophilus count for the stool rose and remained between 75 
1 90 per cent as long as the milk feeding was continued 

\t the end of the twelfth week the milk treatment was discontinued for twelve 
eks, during which time the patient 
‘amination was given once a month, 


11.. 
CKIly. 


was visited twice a week. A_ medical 


and two fecal examinations were 
During this rest period there was no return of the constipation and the 


per cent of the total viable 


made 

idophilus count for the feces did not fall below 70 
At the end of this period B. acidophilus was isolated from the stool and the 

ect was not kept under further observation. 

Case 3.—A white man, 32 years old, had had constipation for about 
Examination of the stool 

isms. During the first three weeks of acidophilus milk treatment the sul 

lained of moderate abdominal distention and discomf 


seventec 
ir before iment vewsatead an scidentt : 
I yetore treatme! reveaied no acidopnilus-litke 


“—— 
the constipation was 
the acidophilus counts for the stool remained very low. Immediate] 
this period the constipation was relieved 


rz 


The ingestion of the milk continued for six 
he patient had at least one free bowel movemen 
' 


iged from 65 to 85 per cent 


red. The relief from cx nstipation 
1 
| 


flora maintainec 
An acidophilus-like organism was isolate: 


om further observation 


a level of from 25 to 


hite woman, aged 60, 
omplicated by any 
a nervous temperament 
e of acidophilus-lik 








392 ARCHIVES OF INTERNAL MEDICINE 


flora. During the first two weeks of consumption of acidophilus milk the con- 
stipation was only slightly relieved and the number of aciduric bacilli in the sto 
fell to 25 per cent. Definite relief occurred early in the third week, when th« 
acidophilus count rose to from 75 to 95 per cent. The milk treatment was dis- 
continued at the end of the eighth week. Within two weeks the constipation 
asserted itself again. This was paralleled by a drop in the fecal acidophilus count 
to a low level. The rest period covered six weeks, at the end of which acidophilus 
milk was again given. Rapid relief followed the resumption of the treatment, 
accompanied by a correspondingly rapid rise in the acidophilus content of th 
stool. The second course of treatment was continued for eight weeks. Following 
its final interruption, the subject was held under observation for fourteen weeks, 
during which time there was no return of the former condition. A relatively high 
acidophilus count was maintained during this entire period. An acidophilus-like 
organism was isolated from the stool near the termination of the final period of 
observation. 

Case 5.—A white woman, aged 40, had had apparently simple but obstinate 
constipation for ten years. She was relieved only by large doses of strong 
cathartics. No acidophilus-like organisms were demonstrable in the feces before 
the beginning of the acidophilus milk treatment. The patient received 1 quart of 
the milk daily. Relief was slow, requiring almost four weeks of treatment; the 
acidophilus counts were increased from 25 per cent at the end of the first week 
to 90 per cent at the end of the fourth week. The first course of treatment con- 
tinued for fourteen weeks, during the last eight of which the subject had at least 
one bowel movement a day and the aciduric flora continued to show a high count. 

At the end of the fourteenth week the milk treatment was discontinued for four 
weeks. During this rest interval the acidophilus count dropped to zero and the 
constipation returned. Use of the milk was resumed and was continued for eight 
weeks. Complete relief from the constipation again followed, with a high per- 
centage of acidophilus flora. A second rest period followed. Within two weeks 
the constipated condition again returned and the percentage of aciduric flora 
dropped to zero. The milk treatment was discontinued for four weeks until the 
constipation had become marked. At the end of the four weeks’ rest, the milk 
treatment was resumed and was continued for eight weeks. The symptoms again 
disappeared, accompanied by a high percentage of aciduric flora. ‘lhe milk was 
discontinued, and again the acidophilus count fell to zero, this time within thre¢ 
weeks. The count remained at zero during the entire subsequent period of 
observation. However, the relief from constipation persisted, the patient reporting 
at least one free bowel movement per day. This condition continued to the end 
of the fourteenth week following the last milk feeding, when the subject was 
dismissed as relieved. 

Case 6.—A white youth, aged 16, had suffered from constipation for two years 
Examination of the stool before the beginning of the treatment revealed ai 
acidophilus-like organism constituting about 45 per cent of the total cultivabl 
intestinal flora. The subject received 1 quart of acidophilus milk daily for tet 
weeks. During the first week the content of acidophilus-like flora fell to zero and 
there was no relief from the constipation. During the second week the count ros¢ 


to 70 per cent, accompanying a marked improvement in the subject’s condition, and 


relief from the constipation was complete. 

The milk treatment was discontinued at the end of the tenth week and was not 
again resumed. The patient was kept under observation for sixteen weeks follow- 
ing the last ingestion of acidophilus milk. During this entire period there was | 
return of the constipation, and the acidophilus count for the feces varied fr 
25 to 90 per cent. 
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NEGATIVE RESULTS 


Ages Seven of the twenty-six persons under observation, or 19.45 per 
is dis- t, failed to respond to the milk treatment. Even after they had taken 
pation the milk for from four to twelve weeks, no relief from constipation could 
count he observed. 
Philus Two of these seven subjects were on the acidophilus milk regimen for 
2 ght weeks. In one there was an acidophilus-like intestinal flora of 95 
eating per cent before the first ingestion of the milk. This was quickly reduced 
weeks, to zero after the beginning of the treatment and remained at a low level 
y high throughout the course. At no time during the treatment did the aci 
1s-like lophilus count for the stool rise above 20 per cent. The other subject 
iod of obtained but slight relief even when the acidophilus count rose as high 
is 85 per cent during an eight weeks’ course of feeding. The character 
= the stools of both these subjects remained unaltered, being at all 
strong 7 sta : . ; ; ; Y 
oie mes firm, dark, foul-smelling and alkaline in reaction, except when the 
art of atient was temporarily relieved by the customary cathartic. 
t; the Three others failed to respond clinically and to acquire an acidophilus 
week flora in the intestine, even after from four to six weeks of milk ingestion 
a, In two of these subjects the treatment was discontinued after four 
weeks; in the third subject it was discontinued after six weeks. 
+ four One patient, an ex-service man, whose condition had been diagnosed 
d the at several veterans’ hospitals as markedly neurotic, was admitted to the 
eight investigation at the request of the Red Cross. Physical examination 
“ a sacro-iliac strain, an old appendectomy scar and scars from 
na norrhoidectomy and repairs of a rectal fistula. The patient com 
1 the plained of various aches and pains in the abdomen, chest and back, and 
milk f chronic constipation from which relief could not be obtained even by 
again the use of strong cathartics. Soapy water enemas appeared to be the 


was ! means of obtaining relief. 


three parses ‘ : . p . : : : ; 
d of This patient received acidophilus milk for sixteen weeks, during 


a *h time he reported no improvement in the constipation. From the 
acidopl sunts for the stools remained 
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first two weeks the patient again became very constipated, and the a 
dophilus count dropped to zero. After six weeks of unsuccessful 
treatment the patient was dismissed. 


DOUBTFUL RESULTS 

Two of the thirty-six patients, or 5.55 per cent, reacted in such 
manner as to leave the results doubtful. They were for a time relieved 
and then suddenly experienced a return of the constipation. After tl 
constipation had continued for from one to three weeks, normal dail 
bowel rhythm was restored more or less suddenly. 

A possible explanation for the doubtful or variable response in one 0 
these two patients may be found in his alcoholic tendencies. He admitted 
the use of 1 quart of raw whisky on some days. These spasmodic bouts 
of intemperance were correlated closely with the periods of extrem: 
constipation. So long as the patient abstained from alcohol and dranl 
the acidophilus milk he had at least one daily bowel movement of 
more or less normal character and the acidophilus count was high 
Indulgence in alcoholic drinks resulted again in the old type of cor 
stipation and in a low acidophilus content in the feces. The drinking 
episodes were associated with a complete loss of appetite. All attempts 
to induce the patient to avoid them failed, and he was dropped from th 
investigation. 

In the other doubtful case no explanation could be found for th 


sudden reversions to constipation. The patient apparently led a normal 
well ordered life and was addicted to no bad habits. While the acidoph- 


ilus milk caused relief for periods ranging from six to eight weeks. 
during which the stools were normal and the acidophilus count was high 
the old symptoms recurred suddenly, accompanied by a corresponding 
change in the character of the feces and a marked reduction in 

acidophilus count. The relapses continued for periods of from two t 
four weeks during continued acidophilus treatment. The constipatior 
then vanished with the same degree of suddenness with which it had 
recurred. After four periods of relapse, the patient was dismissed 


COMMENT 

The present clinical and bacteriologic investigation has been in prog 
ress about fifteen months. Additional data will be incorporated in 
future publication which, it is hoped, will cover various phases of t! 
study of lactobacilli. 

The investigation has served to show thus far that simple, uncomp!! 
cated constipation should be readily amenable to treatment with acidop! 
ilus milk in at least 75 per cent of the patients subjected to the regime: 
provided a so-called standard viable culture milk is employed and p1 


vided the amounts administered daily are appreciable (from a pint t 
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t, depending on the tolerance and idiosyncrasy of the patient). It 
lesirable, also, that the milk be taken in three or four portions daily, 


referably between meals. In some instances, from 1 to 3 ounces (31.1 
to 93.3 Gm.) of lactose added to the daily milk feedings 1s a material 


d in enhancing the results. 
[he present study has shown not only the importance of long con 
1ed administration of the acidophilus milk, but also that of periodic 


Hu 


nterruption for several weeks, followed by resumption of the treatment 
or relatively long periods. By this system of alternate feeding and 
est it was possible to bring about favorable clinical results and apparent 
mplantation, which persisted in a large percentage of the cases over 
elatively long periods of time. A general inquiry into the diet of the 
patients elicited the information that the “implanters” included in their 


ily regimen at least moderate amounts of ordinary milk, or breadstuffs 
d potato, or all three of these articles of diet. This phase of the 
roblem is receiving further study. 

Rettger and Cheplin concluded, on the strength of their observa 
ns, that a favorable clinical response and implantation of the aciduri 
rganism by acidophilus milk treatment, when they occur, are caused 

the acidophilus bacillus itself rather than by the acid present in the 
lk or by the milk alone. Cannon,‘ in 1923, held to the view that the 

‘ease in acidophilus flora caused by feeding lactose in large amounts 

he result of the acidity produced in the intestine rather than of the 
rect influence of the lactose on the aciduric organisms. 

The ingestion of lactose in sufficient amounts to cause a pronounced 
idic condition (lowered py) in the intestine undoubtedly has a stimu 
ng effect on the aciduric flora of the intestine. However, such an 
lanation is far from complete and could not account for the so-called 
rmanent implantation in the cases reported in this paper. Kopeloff, 


1924, showed that sterile milk or acidophilus milk freed from the 


illi does not bring about the same reaction in the intestine as does 
lophilus milk. In our own work the need of large numbers of 
B. acidophilus has again and again impressed itself on us, par 


ye recognized that some subjects do not respond to acidoph 
. 


in the more recent investigations 
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The present investigation offered unusually favorable conditions 
scientific and clinical study. In the first place, the subjects were 
patients of a private medical practice, whose clinical records were avai 
able, and who, after the experiments began, were not undergoing a1 


other treatment or medication and were entirely under our supervisio: 


and control. Furthermore, the work was broadly cooperative and was 
participated in by a physician, on the one hand, and by nonmedical scie1 

tific investigators, on the other. Finally, the subjects were all ambulant 
They were visited regularly in their homes, and the acidophilus treatme: 

was such as could be carried out in any private home. 

We are fully appreciative of the difficulty involved in attempting 1 
offer an intelligent explanation of the condition commonly termed cor 
stipation. Many objections have been offered, perhaps justly, to 
expressions “autointoxication” and “intestinal putrefaction,” and unti 
more scientific evidence has accumulated to show that such processes tak 
place in the intestine to any appreciable extent, these terms should b 
used with the greatest reservation or, indeed, not at all. However, that 
certain organisms which are present in the intestine may, under certai1 
environmental conditions, alter the nervous and muscular mechanisms 
in such a way as to slow up peristalsis and, perhaps, the glandular fun 
tions, is a theory which cannot be dismissed lightly. 

Acidophilus milk therapy has certain disadvantages. There are | 
sons who have a natural dislike for sour milks. However, many 
them with more or less effort have overcome this dislike. Administ 
tion in large quantities is necessary to obtain results; but when 
considers that acidophilus milk is a food, possessing important prope: 
ties, and that it is not in the usual sense a drug, this objection should 
not have much weight. Some opposition to the milk treatment is aime 
at the cost. It should be stated here, as a rejoinder, that, with f¢ 
exceptions, the cost does not exceed that of the high grades of certified 
milk. 

No one can appreciate more than we the desirability of an acidop! 
ilus product combining all the important features of acidophilus milk 
which could be supplied in small bulk, in which the organism would 
remain viable over a reasonable period of time and which would 
relatively low-priced. However, owing largely to the nature of intes 
tinal B. acidophilus, no such product has, to our knowledge. been fort! 
coming. So-called substitutes have flooded the market and have dot 
serious harm because they have, with rare exceptions, violated the pri 


ciple underlying acidophilus therapy. 


SUMMARY 
Thirty-six patients suffering from simple chronic constipation we! 
treated with acidolphus milk the cultures of which were known t 
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igh viability. All were ambulant and had been under t 
one of us (Dr. Levy). 


he medical 
ot Of the thirty-six patients who under 
t the treatment, twenty-seven, or 75 per cent, reacted favorably 


ven, or 19.5 per cent, responded negatively 
itment was regarded as having failed 


and in their cases the 


Two, or 5.5 per cent, 
sults that were neither positive nor negative. 


Pave 


Of the patients who responded positively, fourteen, or 38.9 pe 
re so-called “implanters,” 


rol 
ot 


that is, they maintained a h 
ntent in the intestine for from twelve to sixteen weeks 
ntinuance of the last course of milk trea 


tracted period of high percentage of 


lor 


tment. During t 


acidophilus flora no return t 
mer condition of constipation was noted. Two other patients 
5.5 per cent of the entire group, showed distinct improvement sixtee1 
veeks after the cessation of the treatment, but B. ac 


emonstrable in their feces 
he 


lophilus was not 
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CINCHOPHEN POISONING 
REPORT OF TWO CASES WITH HISTOLOGIC OBSERVATIONS 
H. H. PERMAR, M.D. 
AND 


H. D. GOEHRING, M.D. 


PITTSBURGH 


Cinchophen, or atophan as it was originally named, was first intro- 


+ 


duced as a drug in 1908 by Nicolaier and Dorhn,’ who were able, by its 
use experimentally in animals and in man, to increase definitely th 


endogenous formation and excretion of uric acid. Owing to its spectacu- 
lar ability to relieve pain in certain arthritic conditions, it was soon 
widely used in all types of neuritic and arthritic distress. So universal 
has its use become that, at present, it is being employed freely by the 
laity without any medical supervision. 

Chemically, cinchophen is 2-phenylquinoline-4-carboxylic acid. 
\lthough it is known to have a cholagogic effect in dogs, its mode of 
action has not yet been definitely determined. Brugsch and Horsters ° 
expressed the belief that cinchophen owes its cholagogic effect to direct 
stimulation of the hepatic cells, and they were able experimentally to 
show an increase in the twenty-four hour total excretion of bile and 
bile pigments. This action has been utilized in the intravenous adminis- 
tration of di-iodo-atophan for visualization of the gallbladder in diag- 
nostic cholecystography. 

Phenylcinchoninic acid under the names of cinchophen, atophan and 
quinophan have been most frequently reported as the cause of toxic 
symptoms. Other closely allied preparations that have been similar] 
reported on are atophanyl, biloptin (di-iodo-atophan), oxyliodide, neo- 
cinchophen, tolysin (a proprietary brand of neocinchophen), farastan, 
atoquinol and weldona tablets. 

The toxic symptoms have been classified into four groups: (1) skin 
manifestations (rashes, pruritus and urticaria), (2) anaphylactoid reac- 
tions (shock states), (3) gastro-intestinal disturbances (nausea, vomit- 
ing and diarrhea) and (4) involvement of the liver, as evidenced b 
jaundice. 

From the Department of Pathology, School of Medicine, University of Pitts 
burgh and the Pathological Laboratories, Mercy Hospital. , 

1. Nicolaier, A., and Dorhn, M.: Ueber die Wirkung von Chinolincarbo: 
sauren und ihrer Derivate auf die Ausscheidung der Harnsaure, Deutsches Arc! 
f. klin. Med. 93:331, 1908. 

2. Brugsch, T., and Horsters, H.: Cholerese und Choleretica, ein Beitrag 
zur Physiologie der Galle, Ztschr. f. d. ges. exper. Med. 48:714, 1924. 
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[hat cinchophen its definitely toxic to liver cells is well known now 

its toxic principle has not as yet been clearly defined. Chere are 

th a benzene ring and a pyridine ring present in the quinoline nucleus 
with phenol present in combination. Sutton * expressed the belief that 
toxic action is due to the formation in the body of nitrobenzenes 
nitrophenols, since the higher nitrocompounds are very toxic and 
xluce jaundice. Willcox * is of the opinion that free benzene is th 
xic principle. The lesion in the liver in cases of cinchophen poisoning 

s similar to that due to trinitrotoluene as described by Haythorn 

1918. 

[t is in the cases which involve the liver that serious and even fatal 
poisoning occurs. Clinically, the course is one of a progressive, although 
t may be intermittent, painless jaundice. Indigestion frequently pré 
cedes the jaundice, and vomiting may also occur. The liver is found 
enlarged at the onset, but soon decreases in size. All the secretions 

the body are bile-stained, though the feces may at times contait 
bile. An increased amount of serum bilirubin is always present 
Toxemia is progressive, and generalized edema appears before death 

dose of cinchophen necessary to cause death is exceeding] 

Evans’ ® patient had taken only 15 grains (0.97 Gm.) when 

signs of toxicity appeared, while Hench and Rountree * observed a mat 
who took over 7,800 grains (507 Gm.) of cinchophen over a period 
{ eighteen years without any discomfort or disability. The contrast 
in tolerance of the drug in these two cases suggests that idiosyncras) 
1- 


T) 
} 
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y some part in cinchophen poisoning. Such factors as an ante 


rit 


La \ 
lent history of disease of the gallbladder, cirrhosis of the liver, preg 


1 ol f | 


or conditions favoring decreased glycogen content of the li 
as starvation, malnutrition, chronic infection or fever, are 


iny to predispose to an intolerance to t 
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‘ause the drug is known to be toxic, many modes of : 
have been employed, but none has been found that 
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he drug entirely safe. Thus, toxic symptoms have : 
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mittent courses has also caused fatal reactions. The intravenous use of 
di-iodo-atophan in minimal amounts in roentgenography has had a toxi 
effect almost immediately. Withdrawal of the drug at or before the 
first sign of toxic symptoms does not always prevent a fatal result. 
In the case reported by Cabot,* toxic symptoms appeared two months 
after cessation of administration of the drug. 

In 1913, the first cases of cinchophen poisoning, twelve in number, 


were reported by von Miiller,® Phillips *° and Herrick,* and skin mani- 
festations were seen in all with no fatalities. The first case in which 
jaundice was noted was reported by Schroeder ** in 1922 and was cited 
by Worster-Drought ** in 1923. Since that time, there have appeared 
every year, in the literature, numerous cases of hepatic damage in which 
there was a history of the taking of cinchophen. Klinkert ** and 
Kingreen *° in Germany, Rake,’® Loewenthal, Mackay and Lowe" in 
England and Cabot,® Sutton,® Rabinowitz 78 and Reichle * in this coun- 
try have reported fatal cases with observations at autopsy. In these 
cases the fatal doses ranged from 3714 to 2,700 grains (1.97 to 175.5 
Gm.) with intervals of from one to sixty days between the time the 
drug was discontinued and the time at which toxic symptoms appeared. 

Autopsies of these patients showed a striking constancy and simi- 
larity of the hepatic lesions. In the majority of cases, the liver was 
found to be small, shrunken and finely nodular, the cut surface present- 


8. Cabot, R. C., and Cabot, H.: Case Records of the Massachusetts General 
Hospital, Boston M. & S. J. 192:1122 (June 4) 1925. 

9. von Miller: Nebenwirkung des Atophans, Verhandl. d. Gesellsch. f. inn 
Med. u. Kinderh., February 13, 1913; abstr., Therap. Monatsch. 27:468 (June) 
1913. 


10. Phillips, J.: Skin Rashes following the Administration of Atophan, 
J. A. M. A. 61:1040 (Sept. 27) 1913. 

11. Herrick, W. W.: A Scarlatiniform Rash from Atophan, J. A. M. A 
61:1376 (Oct. 11) 1913. 

12. Schroeder, K.: Cases of Atophan Poisoning, Ugesk. f. leger 84:1141 
1922. 

13. Worster-Drought, C.: Atophan Poisoning, Brit. M. J. 1:148, 1923. 

14. Klinkert, D.: Geelzucht als gevolg van langdurig atophaangebruik, Klir 
Wehnschr. 6:24 (Jan. 1) 1927. 

15. Kingreen, O.: Vorsicht bei der Verabreichung von Dijodatopha 
(Biloptin), Deutsche med. Wehnschr. 53:971, 1927. 

16. Rake, G. W.: A Case of Subacute Yellow Atrophy Following the Taking 
of Atophan, Guy’s Hosp. Rep. 77:229 (April) 1927. 

17. Loewenthal, L. J. A.; Mackay, W. A., and Lowe, E. C.: Acute Yellow 
Atrophy of Liver Following Administration of Atophan, Brit. M. J. 1:592, 1928 

18. Rabinowitz, M. A.: Atrophy of the Liver Due to Cinchophen Preparations 
J. A. M. A. 95:1228 (Oct. 25) 1930; Chronic Hepatitis and Hepatolysis F 
lowing the Use of Atophan, M. Clin. North America 11:1025 (Jan.) 1928. 

19. Reichle, H. S.: Toxic Cirrhosis of the Liver Due to Cinchophen, Arch. Int 
Med. 44:281 (Aug.) 1929. 
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stippled pattern of alternate small areas of red and yellow. The 

logic changes were most uniform, in that acute or subacute yellow 

phy was nearly always diagnosed. Reichle ** called the condition in 

s two cases toxic cirrhosis of the liver, based on the finding of much 

us tissue and many newly formed bile ducts. Extensive destruction 
hepatic tissue was the chief histologic change in all cases. 


Parsons and Harding,”° early in 1931, reported four cases of death 


nber, 

nani- to cinchophen, with complete observations at autopsy. In all of the 

thich the liver was found to be nodular, decreased in size and covered 

cited n the cut surface by raised, yellowish, soft nodules, separated by red 
] ] 


ared lish-brown, firmer tissue. Microscopically, these livers showed 


sis of the hepatic parenchyma, fatty degeneration of the persisting 


Thich 
and tic cells and, along with this, changes interpreted as young fibro 
tissue and regenerating bile ducts; hemorrhage and round cell 


7 


ration were present. The authors designated these changes as acute 


oun- 
these but in one case in which the poisoning was of longer 
75, in which they believed that considerable fibroblastic 
the nse was shown, they called the condition toxic cirrhosis 
ared. In May, 1931, Beaver and Robertson ** of the Mayo Clinic pub 
simi- [ it ases in which death was due to cinchophen 
was its derivatives. At autopsy, the livers were reduced in size 
sent- distorted. They were mahogany red with innumerable 

rojecting above the level of the cut surface 
mera Histologically, in all of the five cases the liver presented the same 


There was widespread necrosis of the hepat 
oat ithout involvement of the reticulum, vascular 
» skeletons of the lobules were identified by t 


phan, nterlobular zones, sinusoids 1 central veins. In some 


usoids with little 
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case in which death occurred five months after cessation of the us: 
the drug. No newly formed connective tissue was observed; th 
apparent fibrosis was relative, being due to the preponderance of stroma 
where the parenchyma had disappeared. 

This report offered a new point of view in regard to the histopathol- 
ogy of the hepatic lesion due to cinchophen, which will be discussed later 
In general, however, it is evident from the unusual uniformity of the 


clinical and pathologic observations that the changes induced by 


cinchophen intoxication are chiefly in the liver. Other lesions, such as 
fatty changes in the heart and kidneys, and mucosal and serosal hemor- 
rhages, are comparatively insignificant and are probably secondary 
those of the liver. Gastro-intestinal lesions have been reported in onl 
a few instances. There is, however, some recent evidence to indicat 
that the gastro-intestinal changes may be second in importance only t 
those in the liver in this condition. This will be discussed later. 

Two cases of fatal cinchophen poisoning with outstanding lesions 
in the liver have recently come to our notice; they form the basis for 
the present contribution. 

REPORT OF CASES 

Case 1 (Courtesy of Dr. Vincent P. Hart, Waynesburg, Pa.)—Mrs. Kk. B 
aged 42, white, married, a housewife, was seen on Jan. 7, 1932, when she com- 
plained of a progressively increasing jaundice. The illness had begun on January 
with nausea and vomiting. Jaundice appeared two days later. The gastri 
symptoms abated somewhat, but the icterus increased in intensity. Catarr! 
jaundice was the provisional diagnosis at this time. The patient continued t 
ill, and the jaundice deepened. About January 21, the gastric symptoms rea 
peared and were soon so severe that hypodermoclysis and rectal feedings wer 
necessary. 

A further query revealed that about six weeks prior to her acute illness, tl 
patient complained of myalgic pains in her arms and, on the advice of a physic 
in another city, procured “farastan” tablets and took seventy-five (or 562% grains 
36.56 Gm.] of mono-iodocinchophen), stopping only when her acute illness begat 
These facts established the diagnosis of cinchophen poisoning. 

The accepted measures were ineffective in this case. Hemorrhages develope 
from venipuncture wounds, and it became impossible to maintain the patient’: 
nutrition. After a period of delirium, the patient died on February 2, thirty-thre 
days after the onset of acute symptoms and a little over ten weeks after the first 
use of the drug. 

The results of laboratory tests made two days before the patient’s death includ 
an icterus index of 200, a nonprotein nitrogen of 89 and a serum calcium of 
The urine at this time showed a cloud of albumin, numerous granular casts 
pus cells, and much bile and blood. 

A limited autopsy was permitted. This was done twenty-six hours after d 
and after the body was embalmed. It was merely an examination of the suria 
of the liver with removal of a small portion for section. The liver itself 
believed to be somewhat reduced in size; its surface was smooth and brow: 
yellow. Nothing further is available concerning the gross findings 
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stologically, the liver showed chiefly a diffu xtreme 


} 


ranular degeneration of the hepatic cells wit! disruption 


orcas cells. The usual degenerative nuclear changes were noted 
“— cess Was more marked in the centers the lobules, where 
ad completely disintegrated. Those that remained contained 
athol- vident as a fine brownish stippling. Small plugs of inspissated bile were 
l later isionally in the canaliculi near the portal triads, ; well as in some « 
ducts. The sinusoids did m 
issue (formaldehyde after embalming) had preserved 
. [he stroma was not increased he | al sheath 
ich as pout ; 
n ot polymorphonuclear leuk 
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drug 1 August & he was 1. On August 16, he noticed that 
ire skin was yellow. The jaundice steadily increased, but there was ne 
vomiting. He had not taken any of the drug for two weeks before admissi 


Physical examination showed a well nourished man of 165 pounds (74.8 Kg 


with marked generalized jaundice but no other outstanding symptoms or signs. T] 
only physical findings were in the abdomen, where the firm, tender edge of the liver 
was felt 6 cm. below the right costal margin. The temperature, pulse rate, respira 
and blood pressure were normal. In view of the history of an attack of pa 
years previously, a tentative diagnosis was made of chronic cholecystitis wit 


common duct. The possibility of an acute atrophy of the liver was 





Diffuse central and midzone necr: 


felt that st 


1t 


considered in view of the history of taking cinchophen, but it was 
in the common duct could not be ruled out. 
The results of laboratory tests that were of interest were a positive direct va 


den Bergh reaction of 14.8 mg. per hundred cubic centimeters and bile in both the 
urine and the feces. The patient’s condition during his stay in the hospital was 
ne of increasing toxemia and progressive jaundice. On August 23, he died 
coma, fifteen days after the onset of acute symptoms, and about twelve weeks 
after the first use of the drug. 

Autopsy was performed three hours after death. The body was deeply jaundiced 
The liver was found to be the seat of the principal damage, though it was 


normal size and weight. It showed on its outer surface small yellowish area 


surrounded by reddish-brown, firmer tissue. On section, the yellowish area 
appeared to be raised above the general level and had a somewhat granula 


appearance. 
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an active inflammatory exudate. Great numbers of phagocytic mononuclear cells 
were not present. 

The findings in the other organs included pulmonary congestion, cloudy swelling 
of the heart muscle and of the kidneys, and a phlegmonous gastro-enteritis of 
marked degree. The gastro-intestinal lesion was of particular interest, in view 
of the recent papers of Churchill and Van Wagoner,?? in which was reported the 
production of gastric and duodenal ulcers in association with hepatic degeneration 
in experimental cinchophen poisoning in dogs. They remarked that gastro-intestinal 
symptoms were often noted in connection with cinchophen intoxication, though ir 
most clinical pathologic studies gastro-intestinal lesions have not been mentioned, 


the changes in the liver being generally the center of interest. 


Fig. 4 (case 2).—Diffuse acute cellulitis in the wall of the stomach. 


The gross appearance of the stomach and intestinal tract revealed marked 
jaundice of these structures with congestion of the serosa. The striking lesion 
was confined to the stomach and duodenum. It was evident on palpation that 
the wall of the stomach was heavy, soft and boggy. When the stomach and 
duodenum were laid open, their walls were seen to be greatly thickened by an 
acute inflammatory reaction accompanied by much edema. The tissues appeared 


glassy, translucent and turgid with fluid. The gastric mucosa showed intense 


congestion and superficial necrosis. The wall of the stomach reached a thickness 
22. Churchill, T. P., and Van Wagoner, F. H.: Cinchophen Poisoning, Pro 
Soc. Exper. Biol. & Med. 28:581, 1931. Van Wagoner, F. H., and Churchill, 


lr. P.: Production of Gastric and Duodenal Ulcers in Experimental Cinchophen 
Poisoning of Dogs, Arch. Path. 14:869 (Dec.) 1932. 
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coarsely lobulated healed stage of yellow atrophy from the fine diffuse 
fibrosis of healed toxic degeneration of known cause. For these reasons 
they proposed to confine the use of the terms acute, subacute and healed 
vellow atrophy to the stages of the idiopathic form, the atrophies of the 
liver of known cause to be designated by the acting poison in each cast 

Beaver and Robertson,*' in their recent paper, carefully avoided 
confusion by referring to the hepatic lesions as “acute atrophy wit! 
diffuse acute parenchymatous degeneration and necrosis, due t 
cinchophen.”” They did not use the term yellow atrophy. We believ: 
this is an important distinction, as it avoids grouping all atrophies of 
the liver without regard to their causes. 

One feature which sets cinchophen apart from other etiologic agents 
causing toxic degeneration of the liver is the evident retardation oi 
parenchymatous regeneration. Why this is so has not been explained 
the inhibition may be due to persistent action of the drug or to factors 
as yet unknown. Further, true fibroblastic proliferation is virtuall 
absent in the earlier stages of the healing process. The end-result ir 
patients who survive the acute and subacute stages is probably a type 
of diffuse cirrhosis; but as there are reports of complete clinical 
recovery from cinchophen poisoning, it may be that practically com 
plete restitution of the liver is possible. The facts regarding these 
points will be determined only when patients are brought to autops 
months or years after recovery from cinchophen poisoning. 

The features distinguishing the lesion of cinchophen poisoning fron 
that of idiopathic yellow atrophy were well demonstrated in the tw: 
cases reported in this paper. In the first, the lesion in the liver was 
essentially one of parenchymatous degeneration without evident loss of 
hepatic cell substance and hence with well preserved hepatic architecture 
It was a degeneration due to cinchophen in an earlier stage than any 
so far described. The embalming process and the postmortem period 
have to be considered in studying this tissue, but it seems certain that 
the outstanding characteristic was the presence of extreme degeneration 
without actual dissolution of the hepatic cells. Why the disintegrative 
process was delayed in this case is not clear; the liver might have been 
somewhat protected by the therapeutic measures instituted one week 
after the onset of symptoms. The lack of dissolution seen micro- 
scopically casts some doubt on the report that this liver was reduced 
in size. In early cinchophen poisoning the liver is generally found 
enlarged, and in this case the lack of disorganization and dissolution of 
the lobules would indicate that the tissue had come from a liver of 
at least normal size. 

The second case is clearcut and typical of cinchophen poisoning 


The liver illustrates the histologic changes which have been interpreted 


by some observers as fibrosis and the formation of new bile ducts, but 












Beaver and Robertson have shown to be collapse of hepatic 





st 1, instead of fibrosis, and surviving and regenerating columns of 






tic cells (or pseudotubuli), instead of newly formed bile ducts 






rding the phlegmonous gastro-enteritis, this type of lesion is always 






ssociated with ulceration or at least with some break in the surface 






the gastric mucosa. In this case, nothing was found except erosions 






it may well have been simply postmortem degeneration, so that the 






lation of the infection to a possible local irritant action of the drug, 






nd even the mode of entrance of the infection, must remain obscurt 






SUMMARY 






[wo cases of cinchophen poisoning are presented with the obser 






ations at autopsy. Both cases illustrate marked toxic cle generation ot 


he liver. In the first case an early stage of the process is shown. 






which is the more interesting since the picture is not the usual one seen 





it autopsy. We believe it represents an earlier stage than has been 






previously reported. In the second case, the lesions of the liver, as well 







s of the heart muscle, kidneys and gastro-intestinal tract, are typical 






have been noted by others. 











CONCLUSIONS 





1. Cinchophen intoxication causes a type of hepatic damage which 





is essentially like the acute and subacute atrophies of the liver due to 











frot other known toxic agents. It is a uniformly diffuse lesion, involving pri 
tw z narily the central zones of the lobules. Its intensity varies in different 
was : lobules. It is properly termed an acute or subacute toxic (cinchophen ) 
ss of degeneration and atrophy. 
ture = 2. This toxic atrophy of the liver, if not fatal, is probably followed 
1 any = by some regeneration of the parenchymal cells, and may lead to 
eriod = ditfuse cirrhosis. 
that z 3. An acute gastro-intestinal lesion of a severe type may 
ation 2 pany the toxic degeneration of the liver 
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rest in its possible significance. By fatty infiltration of the myo- 
lium is meant the formation of an abundance of subepicardial fat 
which extends into the myocardium and occupies the usual position 


the muscle fibers. This apparently has nothing in common wit 


ii 
degeneration, often associated with infectious diseases or some- 


times a result of dyscrasias of the blood or ot chronic passive hyperemia 
Fatty degeneration is a deteriorative process in the course of which fat 


hecomes apparent in the cells, while fatty infiltration affects cells which 


rmally contain fat and represents an alteration simply of the normal 


fat depots and transport (Karsner). The two conditions are often 


liscussed under the same heading, and in reviewing the literature we 


occasionally had difficulty in determining to which an author referred 
this communication only fatty infiltration will be 


discussed 
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Hasenfeld and Fenyvessy, in 1899, did not believe that a fatty heart 
could be diagnosed clinically. Animals which were poisoned with 
phosphorus showed no evidence of cardiac decompensation until shortly 
before death. 

Rosenbach, in 1899, mentioned that a nutritional disturbance causes 
muscular atrophy of the heart and secondary replacement with fat. 

Hirsch, in 1901, recommended the term “heart trouble in obese 
patients” rather than “fatty heart.” 


Schluter, in 1906, made the following statement: 


he fat infiltration in the near vicinity and within old myocardial scars 


conspicuous. Fat infiltration, increase in connective tissue, the disappearance of tl 


| 
parenchyma and lymphocytic infiltrations are the result but not the causes 


gradually occurring insufficiency of the myocardium. 
Fisher, in 1908, stated: 

Some text books seem to indicate and the records of published cases of de 
make it clear that excess of fat covering the heart and existing in the interstitial 
structures within the heart wall is often considered to be an evidence of cardia 
weakness. There is, I believe, no evidence in favour of such view. 
Dyspnea, if present, must have been due to work entailed in moving an unusually 
heavy body. . . . The fat going between the muscle fibers may occasionally 
be very great in amount, yet the muscle fibers prove on microscopic examination 


to be quite healthy. 


Kisch, in 1908, remarked that any factor which raises the blood 
pressure and which under normal conditions is not harmful may cause 
sudden death of patients with a fatty heart. 

Powell, in 1909, attributed certain varieties of fatty heart to alcohol. 
He described two varieties: one in which fat encroaching on muscle 
fibers may cause their atrophy and replacement, and one in which fat 
fills up the interstices left by the atrophy of muscles. The first variety 
is the most common, and is encountered in inactive, middle-aged persons 
with good appetite and digestion but poor assimilation. These 
patients, while in a far less dangerous condition than those suffering 
from fatty degeneration, are liable to succumb to acute illnesses of any 
kind, particularly to bronchitis, pneumonia, typhoid and surgical injury. 

Osler, in 1910, stated that fatty infiltration is ususally a simple 
excess of normal subepicardial fat which forms a part of general 
obesity. When pronounced it may lead to dangerous or even fatal 
impairment of the contractile power of the heart. 

Sahli, in 1911, remarked that pronounced slowing of the heart rate 
to as low as 20 beats per minute is observed in fatty infiltration. 

Kolisko, in 1913, considered that fatty infiltration can probably 
cause functional disorders of the heart, but that only in the absence 
of any other pathologic changes at autopsy may death be attributed to 


this condition. 
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heart \ Wegelin, in 1913, stated that fatty infiltration of the myocardium 
with cause sudden death. He recommended strict differentiation between 


| 
ortly 


tty infiltration and fatty degeneration. 
Eyselein, in 1914, mentioned two patients with marked fatty infil 


LUSES 


tration of the myocardium who died suddenly. He also stated that 
a ae ; S 


fatty hearts are found frequently, in about 25 per cent of all cases, but 
bese ire rarely recognized clinically. 
\ Aschoff, in 1919, stated that in cases of generalized adiposity 


relatively small heart works under a greater strain and therefore 1 


sily become incompetent. Fatty infiltration of the myocardium pe 


seems less likely to be the cause of insufficiency of the heart 


Henry and Smith, in 1919, held that fatty infiltration occurs fre 


: , , 
and that its presence should be suspected during life in pat 


cardiac disease who exhibit a general tendency 

Pupko, in 1921, remarked that a slight fatty 

physiologic. 

{ Kratter, in 1921, stated that a fatty heart mas 

especially on occasions of muscular overactivi 

stomach, psychic excitement and defecation 
drunkards. 

¥ Kaufmann, in 1922, distinguished betweet 

fatty infiltration of the myocardium. He 
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dition the heart may be enlarged, if the 


or atrophic 1n obese but myasthenic patients ; 
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Karsner, in 1926, held that functional disturbances depend largely 
on the degree of infiltration, and that it is possible that in excessive 
infiltration with fat the function of the heart may be disturbed. But 
it is also possible that these disturbances are due rather to atrophy ot 
muscles. Ordinary degrees of fatty infiltration apparently have no 
influence on cardiac activity. 

French, in 1928, listed fatty infiltration of the heart among the 
causes of failure of the right side of the heart. 

Hewlitt, in 1928, stated that in obese persons the heart, like the 
voluntary muscle, becomes small and weak owing to lack of exercise 
Its strength is further diminished by fatty deposits about th 
myocardium. 

Norris and Landis, in 1929, stated that in obese persons with fatty 
infiltration of the heart, dyspneic attacks resembling asthma are not 
uncommon. These are usually ascribed to obesity but more often are 
an evidence of cardiac weakness. 

Zarday, in 1930, remarked that an examination of one hundred and 
sixty adipose persons revealed, in 90 per cent, objective disturbances 
of the circulation as found by determination of the pulse rate, arterial 
and venous pressure, vital capacity, etc. 

/ White, in 1931, considered the clinical significance of cor adiposum 
obscure. “The truth probably lies between the two extremes, that the 
fattv heart is a common and dangerous condition and that it does not 
exist at all.” 

MATERIAL AND METHODS 

During routine autopsies we found a large number of hearts infiltrated by fat 
The study here presented deals with the examination of fifty-eight hearts, all 


of which both grossly and histologically showed fatty infiltration. Twenty-eight 
were carefully examined histologically. Many sections were taken from_ the 
ventricles and occasionally from the auricles; sudan III and osmic acid were used 
to demonstrate the presence of fat. In the other thirty-two hearts, the sections 
taken as a routine at autopsy and stained with hematoxylin and eosin were used 
Hearts which showed definite valvular defects were not included. 

\fter examination of the hearts, we studied the clinical records of the fifty- 
ight patients with the purpose of correlating fatty infiltration of the myo- 
ardium with the clinical picture and of evaluating this finding as a cause of 
death 


RESULTS 


Pathologic Observations —The hearts weighed from 200 to 800 


Gm., the majority weighing between 300 and 400 Gm. The site of 


the most extensive involvement by fat was uniformly the right ven- 
tricle. The fat seemed to follow directly the course of the coronary 
vessels. Section showed that it apparently had infiltrated the myocar- 


most commonly the lateral wall of the right ventricle, corre- 
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portions only remnants of muscle fibers were noticeable, and in still 
other areas fat completely replaced the muscle fibers. Many of thes 
sections, however, still revealed apparently normal blood vessels. [1 
many microscopic fields of sections taken from severely infiltrated hearts 
the fatty tissue penetrated the entire thickness of the myocardium and 
appeared just beneath the endocardium. The location of the fatty 
tissue was recognized as abnormal because of its proximity to th 
endocardium. Morphologically the fat in these sections was similar to 


that of other fatty tissues. Sections taken from the left ventrick 





4 
nr Pe 1 


Fatty infiltration of the myocardium. Note extension of the subepi- 
fat tissue into the myocardium. (Photograph of heart shown in figure 1 


showed much less severe changes. Here too the layers of the myocar- 
dium closest to the epicardium were primarily involved. The mor 
severe cases showed extension of fat deep into the muscle layer and 
islands of fat cells in the interstitial spaces, discontinuous with th 
subepicardial fat. The preservation of the blood vessels was noticeable 
in these sections. In a few instances, fat was found in the subendo- 
cardial layer of the interventricular septum close to and also within 
the bundle of His. In none of our cases, however, could we demonstrat 
replacement of the entire thickness of the wall of the left ventricle, 


as in the right ventricle. None of the sections showed evidence 0! 
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flammatory cells or of new formation of blood vessels indicating the 


n still 
these rganization of an inflammatory exudate. 

if J The gross and histologic changes gave the impression that the 
hearts subepicardial fatty tissue had, like a malignant tumor, invaded the 
n and myocardium and replaced the muscle fibers. In the sections the fat 
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trophic, the remnants of muscle fibers found surrounded by fat wer 


definitely atrophic. The atrophy and disappearance of the muscle fibers 


were probably not the result of a nutritional disturbance in view of th 
presence of open blood vessels within the newly formed fatty tissu 


The lack of any inflammatory reaction is interesting and may indicat 
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amount of subepicardial fat noted in fifty-eight cases. They considered 
the frequent occurrence of marked fatty deposits in the myocardium to 
be curious and of obscure significance. Locke, who described a case 
of rupture of the right ventricle, mentioned the presence of a large 
amount of fat in the heart. Monckeberg mentioned cases of rupture 
of the heart as a result of fatty infiltration described by Weiland and 
by Draeck, and discussed the occurrence of this condition. Also, Rin 
telen very recently referred to a case of rupture of a fatty heart. Th 
occurrence of rupture speaks without doubt for the severity of the fatty 
infiltration. 

Etiology.—s to the etiology of fatty infiltration of the myocardium 
we have very little to state. In cases of general obesity, the heart may 
easily show an increase of subepicardial fat tissue and extension of this 
tissue into the myocardium. A few of the patients in our series gave 
clinical evidence of diabetes mellitus, which may or may not cause one 
to regard fatty infiltration as the result of faulty metabolism. Powell 
stated that primary fatty infiltration is met with in inactive, often self- 

idulgent persons—middle-aged men and women near the climacteric 
People with good appetite and good primary digestion but with faulty 
assimilation and inadequate eliminative power are subject to this dis 
ease. Indulgence in alcoholic drinks, such as malt liquors and sweet 


wines, favors it occurrence. In one of our patients whose history indi- 


cated excessive use of alcohol autopsy revealed atrophic cirrhosis of the 
ver. It is possible that alcohol in this case was the direct cause of 
fatty infiltration. We shall not discuss whether so-called “beer drinker’s 
heart’ is fatty infiltration of the myocardium or a hypertrophic heart, 
the result of overwork due to the excessive ingestion of alcoholic bever 
ages. The heart in the case just mentioned was somewhat hypertrophic 
(weight, 400 Gm.). The right ventricle was markedly dilated, its wall 
largely made up of fat. 
CLINICAL CORRELATION 
We have attempted to divide our fifty-eight cases into three main 
groups... Group I comprises those in which fatty infiltration of the 
myocardium was the only obvious cause of death (two cases). In 
group II we placed the cases in which fatty infiltration of the myo- 
cardium was apparently a contributory factor in the cause of death 
(twenty-nine cases). Group III is made up of cases in which fatty 
infiltration of the myocardium was an incidental finding (twenty-five 
cases). There were two cases which could not be classified in any of 
the three groups, and these will be considered separately. The groups 


are presented in the accompanying tables. 


1. The Medical Department of the Michael Reese Hospital supplied the 


clinical data 
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Group I is the most interesting because fatty infiltration of the 

ocardium has been considered the primary cause of death. In the 
rst case, the patient was an obese woman, aged 49, who died suddenly 
nine days after an operation on the knee joint. There was no clinical 
evidence of previous heart failure. At autopsy there were marked fatty 
nfiltration of the heart and chronic passive hyperemia of the lungs. -\ 
careful search of all organs, including the brain, revealed no othe1 
ibnormalities. In the second case, the patient was also a 49 year old 


woman, whose condition was diagnosed clinically as cardiac decom 
db . 


pensation due to fatty heart. At autopsy, after a careful study of all 


organs, no anatomic changes were found other than those of the heart 

These two cases are significant, especially the second, which clinically 
showed evidence of cardiac dec mmpensation. We shall refer to this cas« 
later. The question may be raised as to whether or not death might 


have been caused by some other condition which could not be demon 


PAasLe 1.—¢ ip 1: Cases in Which Fa Infiltrati VJ m Ii 
1@ Onl fhbnormali ] i ! 5 
Cas \ge Sex Nutrition Clinical Notes Pathologie Notes 
49 I Obese Prepatellar bursitis Fatty infiltration of 
sudden death dium; no changes in the 
40 } Obese Weakness, precordia Fatty infiltration of my 
pain and dyspnea liuy 


for 5 years; rales 
both bases; arrhyt! 
mia; sudden deat! 


strated at autopsy, such as spasm of the coronary arteries, minut 
changes in the medulla oblongata, sudden insufficiency of glands « 
internal secretion without noticeable anatomic lesions or poisoning. ‘The 
history of these patients did not reveal any attacks of cardiac dis 
turbance referable to coronary spasm, and there was nothing 
history or anatomic findings suggestive of poisoning. Because 
extent of the fatty infiltration, because of the absence of other pat! 
logic findings and in an effort to associate obvious pathologic conditi 
with causes of death, we must hold fatty infiltration of the myo« 
re sponsible for the death of these patients 

In the second group of cases, numbering 28, fatty infiltration of tl 
myocardium probably played a contributory role in causing deat! It 
this group some of the patients at autopsy showed marked pathol 
lesions, such as diffuse carcinomatosis, pneumonia and small pulmonar 
emboli. Though these changes in some instances were very severe 
probably sufficient per se to explain death, had death occurred at 
subsequent time, it is likely that the fatty infiltration of the myo 
laved a contributory role in causing the untimely deat! There 


0 several patients in this group who died suddenly in whom autops 
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Nutrition Clinical Notes Pathologic Notes 
Obese Diabetes mellitus Generalized arteriosclerosis with 
coronary sclerosis; fatty infi 
tration of the myocardiur 
Obese Death 24 hours after Gieneralized arteriosclerosis witt 
operation for pro eoronary sclerosis: broncho 
lapse of uterus; death pneumonia; fatty infiltratior 
considered due to of myocardium 
thyroid crisis 
Death following Generalized arteriosclerosis wit 
coma of 2 days coronary sclerosis: broncho 
duration pneumonia; myocardial fibros.- 
fatty infiltration of 
myocardium 
Well Gradual death: care Carcinoma of the sigmoid with 
nourished noma of the sigmoid metastases to lungs, pleurae 
and liver; fatty infiltratior 
of the myocardium 


Well Gradual death 4 Recurrent adenocarcinoma of 
nourished months after bilat breast with metastases to lungs, 
eral mastectomy liver and vertebrae; fatty 
tration of myocardium 


Emaciated Sudden death 3% Uleerating adenocarcinoma of 
months after closure rectum with peritoneal metas 
of colostomy wound tases; fatty infiltration of 

myocardium 


Well Gradual death 14 apillary carcinoma of ovary 
nourished days after explora peritoneal metastases; 
tory laparotomy na and hyperemia of 
, infiltration of myo 
Emaciated Carcinoma of sig Adenocarcinoma of sigmoid 
moid; gradual death with generalized peritoneal me 
tastases; bronchopneumonia 
fatty infiltration of myo 
eardium 
Gradual death; \Atrophie cirrhosis of liver; 
cirrhosis of liver myocardial fibrosis; fatty infil 
tration of myocardium 
Well Gradual death; hyper Nephrosclerosis of arteriolar 
nourished tension: intraven variety: hypertrophy of heart; 
tricular block of bur fatty infiltration of myocar 
dle branch type dium with involvement of 


idle of H 


revealed moderate bronchopneumonia or small pulmonary emboli 
Probably a normal heart could have responded to the greater demand 
imposed on it by either of these conditions. However, a heart infiltrated 
by fat, especially when the infiltrate involves mainly the myocardium 
of the right ventricle, apparently does not always possess the reserve 
power to overcome the greater demand and may therefore fail suddenly 
We believe that in some of these patients, fatty infiltration of the myo 
cardium hastened, if it did not cause, death. 

Case 31 (table 2) is noteworthy. The clinical diagnosis was arterial 
hypertension and hypertrophy of the heart. Before the patient died, 
the diagnosis of intraventricular block of the bundle branch type was 


made from the electrocardiogram. At autopsy there were a nephro 


sclerosis of the arteriolar variety, hypertrophy of the heart and marked 


latty infiltration of the myocardium. The fat was found grossly 


the interventricular wall of the left ventricle just beneath the en 
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cardium in the region of the bundle of His. Histologically, atrophy 
the fibers and interruption of the bundle by fat could be made out in 
one place. 

\n interesting group of cases consists of those in which death 


occurred during or after anesthesia, either general or spinal. For con- 


venience these are assembled in group II and in an unclassified group 


because we have no absolute proof that fatty infiltration of the myo 
cardium was the sole cause of death. Clinically, a so-called “reflex 
death” was sometimes thought to have occurred. At autopsy such a 
condition, of course, could not be proved, but neither could it be dis 
proved. The fatty infiltration of the heart, however, was so severe that, 
from the point of view of the pathologist, it could have been the caus 
of death. 


up I11: Cases in Which Fatty Infiltrati 


idental Finding 


rhe third group is largely of statistical interest since we were unable 
to correlate fatty infiltration of the myocardium with death. The infil 
tration was coincidental with various types of lesions. 

The second group and also the third reveal that fatty infiltration oi 
the myocardium may occur without relationship to general nutrition. 
It may be found in patients suffering from chronic wasting diseases 
which have led to marked generalized emaciation but may likewise 
present in the well nourished and frequently in the obese. 

There are two cases in our series which we did not want to classif) 
as belonging to any one of the three groups. The first was that of 
boy 12 years old. The clinical and pathologic diagnosis was pseudo 
hypertrophic muscular dystrophy. At autopsy there was a marked 
increase of fat throughout the body with replacement of skeletal muscle 
tissue by fatty tissue and diffuse fatty infiltration of the myocardium 
In addition, bronchopneumonia was found at autopsy, which prevented 
the inclusion of this case in group I. The bronchopneumonia, however, 
was neither diffuse nor severe but localized in one portion of a lower 
lobe. An unchanged heart in a boy 12 years old surely would have 
responded normally to the slightly increased demand caused by the 


bronchopneumonia. We believe that the fatty infiltration of the my 
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um was part of the general replacement of the muscle tissue by 

ind the direct cause of death. 

[he second case was that of a patient who died after thyroidectomy 
| clinical diagnosis was “thyroid crisis." Autopsy revealed hype1 


rophy and dilatation of the heart and fatty infiltration of the myo 
ardium. We did not classify this case as belonging to group I whicl 
onsists of cases in which death was a direct result of fatty infiltration 


the myocardium because, despite the objective evidence, a functional 


use Of death could not be disproved clinically. From the point of 
view of the pathologist, however, who cannot demonstrate thyrotoxico 


is at autopsy but who is impressed with the gross and microscopi 
picture of fatty infiltration of the heart and who sees the disappearance: 


muscle fibers and their replacement by fat, this case should be cor 


sidered as one of death from fatty heart 
TABLE 4 


Clinical Notes 

Gradual death: -seudohypertrop! 

bronchopneumonia i rophy; fatty 
udohypertrophi of yocardiur 
uscular dystroph pr 

Sudden death 24} 

after thyroidector 

d 


nical agnosis 


“thyroid crisis 


Little can be said as to the clinical signs and symptot 


infiltration, and this is probably the reason that this diagnosis | 


into discredit among clinicians. Brouardel remarked: 


1 


excess fat of the heart is not considet1 
pearance, perhaps a bit short of breath, but 
auscultation one finds no definite signs 


the heart is a little large, that the tones are a 


is slightly reduced in strength. He cannot 1 
ule, the patient has an affection whi 
\s Ribbert has said, even marked infil 
clinical symptoms. The condition l 
case in our 
le by a junior i 
ing of edema of the 
the left border was 
sternal line. There were 
hythmia was noted, 
dat the apex. The | 
re was tenderness in t 


1 


! 'T! . ° 1 
ible, rhe patient died sudden 
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The most characteristic feature of such cases is, as a rule, the 
absence of a history of heart failure and of definite clinical findings 
indicating chronic passive hyperemia. Apparently, a myocardium whicl 
is the seat of fatty infiltration may carry on its function as well as a 
normal heart, but has no reserve power. This was recognized }y 
Kulbs, who stated that it is of practical importance that clinical signs 
of a failing heart in cases of fatty infiltration of the myocardium may 
appear suddenly following psychic excitement, operation or physical 
exertion. We also believe that it is important to realize that a patient 
with fatty infiltration of the myocardium may be in apparently perfect 
health but that his heart may fail suddenly, without premonitory symp 
toms, as a result of insignificant causes. In other words, unexpected 
death due to fatty infiltration of the myocardium, in our opinion, ofte1 
can be regarded as an example of sudden death from “natural causes” 
in the sense of Kolisko. 

Fatty infiltration largely involves the right ventricle. Its clinical 
manifestations are those of failure of the right side of the heart; they 
are not sufficiently specific to warrant a definite diagnosis. The us 
of modern methods of recording auscultatory phenomena may reveal 
some typical changes; likewise, if numerous electrocardiograms are 
recorded it may be possible to link to fatty infiltration a low voltag 
or other unexplained electrocardiographic findings in patients revealing 
no evidence of coronary sclerosis and myocardial fibrosis. We believe 
that a study employing all the modern diagnostic methods may reveal 
a definite symptom complex and establish a clinical picture which has 
as its pathologic basis fatty infiltration of the myocardium. 


SUMMARY 
\ short review of the literature on fatty infiltration of the myocar 
dium is given, and a study of fifty-eight cases is reported. The myo 
cardium of the right ventricle is the region mainly affected. Th 
infiltration leads to a replacement of the muscle fibers by fatty tissue 
The muscle fibers primarily become atrophic and later apparently disap 
pear. If the replacement by fat involves a large portion of the myocardium 
it may lead to sudden death. Only if careful autopsy reveals the absence 
of all other major lesions may fatty infiltration of the myocardiun 
be regarded as the sole cause of death. Two cases of this type ar 
reported. There are two other cases in which replacement of the myo 
cardium by fat was in all probability the cause of death. In one th 
diagnosis was pseudohypertrophic muscular dystrophy in which th 
fatty infiltration of the myocardium probably was a part of the general 
replacement of muscle with fat. In the second, the patient died after 


partial thyroidectomy. In twenty-nine instances, other pathologi 


changes, in addition to fatty infiltration of the myocardium, were found 
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itopsv. In these cases, the lesion in the heart was thought to be a 


tor in hastening death. In twenty-five instances, fatty infiltration of 


nyocardium was an incidental finding at autopsy 


\ clinical study of the patients reported on here reveals that fatty 
ltration of the myocardium may cause death without any premoni 
h int 


symptoms of heart failure. When such infiltration is present, 


ll 
factors which cause an increased demand on the heart and which unde1 
rmal conditions could easily be compensated for may lead to sudden 


Calil, 


th. Fatty infiltration of the myocardium may be regarded as a morph 


In Instances 1n 


logically demonstrable cause of heart failure and death 


ht to have been the result of functional 


hich death clinically was thoug 
lisorders without a morphologic basis. Further study with exact clin 
ical methods might establish a complex of signs and symptoms charac 


istic enough to warrant a clinical diagnosis of fatty 


myocardium. 
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CARDIAC WEIGHTS 
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This study was undertaken to determine relative ventricular 
n cardiovascular syphilis. Interest in the wider problem of total card 
weights and relative proportions of the various chambers in the import 
tant etiologic types of cardiac disease stimulated this more extensiv: 
I vestigation 

In any presentation of this subject, mention must be 1 
classic work of Muller, whose monograph was published in 1883. 
work was done on unfixed hearts, and, according to Lewis,’ “‘the lines 
of the cuts are described in insufficient detail.” We will not attempt a 
comparison of our figures with his. Lewis reported in 1913 a method 


dividing and weighing the heart devised in a study of ventricular 


hypertrophy and preponderance. He deplored the tendency to diagnose 


relative hypertrophy from inspection alone and the fact that the method 


il I 


weighing had not been adopted in teaching institutes and was not 
mploved “by those whe infer 2 laree personal exnerience of bros 
emplovec yy those who inter a large personal experience ot ly pe 

trophy in its relation to valvular or renal defects.” He expressed the 
opinion that the usual clinical methods of demonstrating left and right 
ventricular preponderance “employed at the bedside are of little real 
value.”” His studies also supported the opinion that “it is probable that 
nechanical factors are by no means the only important causes of hyper 


: + 


trophy of the heart.” In table 8, a comparison is made of our results 
with the summaries of the various groups published by Lewis 
The method employed in the weighing of the hearts here reported 


was devised and published by Herrmann.? Since his original article 


gives a complete description of his procedure, we shall merely sum 


marize the essential features of the method. 


he auricles and ventricles are 


, 1 
just above the 


departmer 
Medical 


Heart 3:3 





{ 


/, normal heart showing 4, auricles; I)’, ventricles; //, hypertensive 
showing //I’, hypertrophied ventricles; 7, incisions in the fat tissue for 


removing valves; 2, incisions in the myocardium for cutting ventricles into sections 


Fig. 2.—Corresponding sections from the two hearts in figure 1: J, normal 


heart; //, hypertensive heart; 3, incisions for separating the right and left portions 


of each section (divisions done before photographing); L, left ventricular port 


R, right ventricular portion. 
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arteries are opened and examined. The ventricles are fixed in a dilute soluti 
formaldehyde, U. S. P. (1:10), after which these are weighed at intervals until t 
weight (which at first rises slightly in the process of fixing) returns to 

The valves are then removed as a single plate. In figure 1, this 
ut is shown by incision 1. After the incision is made, the epicardium, fat 
vessels are reflected back to the valve rings, and the latter are cut away from t 
muscle, the chordae tendineae being cut at the tips of the papillary muscles. 
remaining epicardium, fat and vessels are then removed from the ventricles, leaving 

ily the musculature. 


The ventricles are next divided into sections by a series of parallel cuts (fig 


incision 2) at right angles to the long axis. In figure 1, to the left, is show: 
=e 


normal heart which required only three cuts, while a hypertensive heart, to t 


right, required five. Each ventricular section is then separated by division at the 
septum into right and left components (fig. 2, incision 3). The attempt is mac 
to make the septal division proportional to the width of the lateral walls of th 
ventricles. This closely approximates the midseptal line as the term is used by 
Herrmann. For accuracy of division, it is advisable to have the sections thir 
especially in markedly hypertrophied hearts where the septum is apt to bulge ir 
the right ventricle. The segments of ventricle thus derived are weighed. 
figure 2 are pictured corresponding segments of the hearts shown in figure 1. 
illustration demonstrates the hypertrophy. 


NORMAL HEARTS 

For purposes of comparison, ten hearts acceptable as normal wer« 
included in the study. Table 1 shows the data obtained from these. In 
three instances death occurred from acute pneumonia; in five, from 
acute generalized peritonitis; in one, from a ruptured gastric ulcer, and 
in the last, from suppurative leptomeningitis. 

On the basis of our results, the average total weight of the heart for 
a person of 58.7 Kg. (127 pounds) is 272 Gm. The average auricular 
weight for the same group is 42 Gm.; the left ventricular weight after 
cleaning and fixation, 107 Gm., and the right ventricular weight after 
cleaning and fixation, 62 Gm. The L/R ratio (left to right ventricle ) 
is 1.770. The ratio of total cardiac weight to body weight is 0.00469; 
of auricular weight to body weight, 0.00072, and of ventricular weight, 
after cleaning and fixation, to body weight, 0.00184 for the left ventricl 
and 0.00108 for the right. 

Table 1A presents a comparison of our figures with those of 
Herrmann, showing similar data from dogs’ hearts. It appears that the 
I./R ratio is greater in man (column 12), while in other respects the 
figures are uniformly higher for the hearts of dogs. Maximum and 
minimum figures for the hearts included in the various groups are 
presented. 

WASTING DISEASES 

Table 2 includes the figures on the hearts of ten patients who died 
ot other than cardiac diseases. Their conditions may be correctly 
designated as “wasting diseases.” Of these patients, four died of carci- 





and six of tuberculosis. Of the latter, two died of tuberculous 


ne of tube rculous 
itonitis and one of tube rculous bronchopneun onia. In 


ngitis, two of ulcerative pulmonary tuberculosis, o 


all, the sub 


The average body weight 
nly 43.3 Kg. and the heart weight, 210 Gm. The | 


epi 


cardial fatty tissue showed serous atrophy. 
. R ratio and the 
weights of the cardiac chambers proportional 


to the body weight 
slightly higher than in the normal group. 


are 
] ] 
IV, In Wasting dis 


~ 


pparent 
eases of some duration associated with progressive and marked loss of 
weight, the weight of the heart is relativel intained 


HYPERTENSIVE HEARTS 
Table 3 presents the data on ten hypertensive heart 
including the bl 


ood pressure readings recorded on the 
None of these patients had valvular | 


les1o1 


is been added. 


hearts 


earts (Herr1 


hearts 


earts (Herrman: 


n hearts 
arts (Herrmanr 


is of the pathologic changes, i1 
alignant nephrosclerosis, once to 
- 


ite glomerulonephritis engrafted 
Imes to red encephalomalacia associated with hypertension 
vere essential hypertension. In no case dia 


as congestive ca 
In this group the blood pressure varied from 176 syst 
) diastolic to 260 systolic and 170 diastolic 


resent 


The average body 
practically the same as that found 
ormal group The cardiac 


this group was 59 Kg., 


weights are well above normal 
average cardiac weight is 472 Gm. The ventricular weight 


and fixation is 328 Gm. 


average total heart weight 
1e same weight in the nor 
weight after cleaning and fixation 1 


the normal group. 


weights after cleaning and fhixati | 


Furthermore, comparison of t 


of the left ventricle in the hypertensi 
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same weight in the normal group, and that the average right ventricular 
weight in the hypertensive group is 1.48 times the weight of the same 
chamber in the normal group. These figures clearly indicate that the 
ventricular hypertrophy of hypertensive heart disease mainly involves 
the left ventricle. The L/R ratio in this group is 2.704; the ratio of the 
fresh heart weight to the body weight is notably greater than in the 
normal group. 
RHEUMATIC HEARTS 

Table 4 includes the figures obtained on examination of fifteen 
hearts in which rheumatic heart disease was present. The first sub- 
group consists of five hearts with mitral stenosis and regurgitation. 
The blood pressure ranges from 80 systolic and 60 diastolic to 136 
systolic and 78 diastolic. The average fresh heart weight is 476 Gm., 
more than the average fresh heart weight in the hypertensive group, 
and 1.75 times the weight of the average heart in the normal group. 
Because of the greater average body weight in this group, the heart 
weight-body weight ratio is less than in the hypertensive group. In this 
connection, mention should be made of the probable influence of general 
anasarca, so common in rheumatic heart disease, in increasing the body 
weight and thus altering the significance of our figures. It is note- 


worthy that in this group the average auricular weight is 2.71 times the 
‘4 


normal average, and the right ventricular weight is 2.21 times the 
normal, while the left ventricular weight is only 1.32 times that of 
the average left ventricular weight in the normal group. The L/R ratio 
here is only 1.070, as against the normal of 1.770. In two instances the 
right ventricle weighed more than the left; in these two cases (32 
and 33) and in case 31, the most marked valvular deformities were 
found. In this group the ratios of the fractional heart weights to the 
body weight are all well above the normal. 

In this small group the ratios of the various weights to the body 
weights show wide variations. The maximum and minimum figures 

those for cases 35 and 32; in the former, the body weight was only 
39.4 Kg.; in the latter, 128.2 Kg. The hearts were about of equal 
gross weight in the fresh state. In both instances, however, the evidence 
of disproporticnate auricular and right ventricular weight is demon- 
strable. In case 32, the absolute fresh auricular weight is 2.14 times 
that of the average in the normal group, and the right ventricular 
weight is 2.74 times that of the normal average; the ratio of right 
ventricular weight to body weight is 0.00132 as compared with the 
normal of 0.00108, while the total heart weight (fresh) is 1.76 times 


the normal average, and the left ventricular weight is 1.13 times the 
normal average. The ratio of left ventricular weight to body weight is 


0.00094 as compared with the normal of 0.00184. In case 35, the 


absolute fresh auricular weight is 3.16 times the normal average, the 
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cht ventricular weight is 1.87 times the normal average, and the ratio 
f right ventricular weight to body weight is 0.00294 as compared with 
he normal 0.00108, while the fresh total heart weight is only 1.67 

es the normal, and the left ventricular weight is 1.29 times the 
verage normal. The ratio of left ventricular weight to body weight 
s 0.00350 as compared with the normal of 0.00184. 

In this connection, attention may be called to an item of importance 
in the determination of right ventricular hypertrophy. Normally, the 
right ventricle is from 2 to 4 mm. thick. With an increase of thickness 

f only 2 mm., the right ventricle becomes twice the normal weight 
because of its large surface area. With an increase of weight of the 
left ventricle sufficient to double the normal, the thickness of the ven- 
tricular wall may be as much as 18 mm. instead of from 12 to 14 mm. 
Because this slight increase of thickness of the right ventricle is often 
lisregarded, actual hypertrophy of the wall is apt to be overlooked 
personal communication from Dr. R. H. Jaffe). 


In the second group are presented the figures on three hearts with 
rheumatic disease confined to the aortic valve. The average weight of 
these hearts is 524 Gm., which is 1.93 times the average heart weight in 
the normal group, while the left ventricle in this group averages 2.18 
times the weight of the average normal left ventricle, and the right is 
2.16 times the normal average. The average auricular weight is 1.64 
times the average of the normal group. The L/R ratio is 1.726. The 
group is so small that conclusions must be stated with caution. The 
findings confirm doubts which have been expressed from time to time as 
to the necessary connection of hypertrophy with mechanical strain. The 
simultaneous increase of the auricles and right ventricles as revealed 
in the average results points to other causes of the increase in size. 

Five hearts with both mitral and aortic rheumatic lesions are 
ncluded in the third subgroup of table 4. In only one instance was the 
blood pressure over 148; in this case it was 172. Though the average 
body weight of this group is close to that of the normal average, the 
fresh heart weight is more than twice that of the normal. There is a 
wide variation in the individual heart weights of this group. The wide 
gross variations are accompanied by similar figures for the L/R ratios. 


he average values, as may be seen, are decidedly high. Attention may 


lso be drawn to the considerable increase in the figures for the ratios 
of the various cardiac segments to the body weights. 

There remain two hearts of the rheumatic group. The first 
case 44) is the only one which had a marked fibroplastic deformity of 
itral, aortic and tricuspid valves. This heart weighed 396 Gm. 
The segmental figures show essentially uniform increase of the various 
chambers. The body weight was normal. 
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The second of these two hearts was removed from the body of 
woman of 39, dead of pneumonia and meningitis. The absolute and rela- 
tive weights of this heart do not vary widely from the normal. This 
heart was put aside as a normal heart until opened; then a recent 
thrombo-carditis of the. mitral valve was discovered. There was no 
evidence of an old endocarditis. The findings in this heart are of 
interest in connection with those in four others (cases 34, 36, 
and 41) in all of which the valves involved in the chronic process 
showed the presence of recent thrombo-endocarditis. The heart in 
case 45 is presented as evidence that recent acute infections are not 
responsible for hypertrophy; the hypertrophy of the four hearts just 
mentioned (included in the tables of hearts with chronic disease) 
developed as a result of chronic disease, irrespective of the terminal 
fresh infection. With the exception of case 45, all of the hearts in th 
rheumatic group were removed from the bodies of persons who had 
presented cardiac decompensation. In case 33, a ruptured duodenal 
ulcer with infected ascites was found at autopsy which had been over 
looked clinically in the presence of congestive failure. 


SYPHILITIC HEARTS 

The first subgroup includes the hearts in which anatomic aortic 
insufficiency was demonstrated. The second subgroup presents the 
figures for our hearts showing syphilitic aortitis with cardiac hyper- 
trophy, and the third presents the results for four hearts with syphilitic 
aortitis without regurgitation or hypertrophy. The fifteen hearts in 


ai 
subgroups 1 and 2 were all from patients who had had cardiac failur 


of the congestive type. One died of red encephalomalacia and one from 
gastric ulceration with hemorrhage. In case 57, the cardiac disease was 
complicated by miliary tuberculosis. The diagnosis of syphilitic aortitis 
was accepted only when the gross appearances were confirmed by micro- 
scopic findings. 

In the eleven hearts in the first subgroup aortic insufficiency was 
demonstrated by the water test. Definite valvular deformities were 
present. The blood pressure readings ranged from 214 systolic and 
60 diastolic to 115 systolic and 85 diastolic. In two instances the pulse 
pressure was lower than the expected normal; in the other nine, the 
pulse pressure was high, although in cases 53 and 56 it was not notably 
so. In this group, in every instance the heart was markedly hyper- 
trophied. The smallest heart in the group weighed 450 Gm., and the 
ratio of fresh heart weight to body weight in this case was 0.00903 as 
compared with the normal of 0.00470. The average fresh heart weight 
was 661 Gm., and the average ratio of fresh heart weight to body 
weight was 0.00992, more than twice the normal. The average L R 
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is 2.190 as compared with the normal average of 1.770; in this 

up of hearts with aortic insufficiency there is obviously a dispropor- 
nate increase of left ventricular weight. The ratios of the total and 
fractional weights are all above the normal. The average auricular 
ht as compared with the body weight is 0.00130, while the normal 


4 


ratio is 0.00072; the ratio of left ventricular weight to body weight is 


.00504 as compared with the normal of 0.00184, and the ratio of right 
ventricular weight to body weight is 0.00227, while the normal average 
s 0.00108. 

The various weights and ratios seen in subgroup 2 are strikingly 
ilar to those of the first subgroup. The average heart weight is 
h 


ne same in 


itly less in the second group. The L/R ratio is about 


| 


t 
h group. The ratios of fresh heart weight to body weight, of fresh 


wuricular weight to body weight and of fresh ventricular weight to body 
weight are remarkably close. This is also true of the ratio of right 
ventricular weight to body weight, but the ratios of ventricular weight 


fter cleaning and fixation and of left ventricular weight to body weight 


~ 


ire not so much alike: In each instance these are less in the 


sToup 
thout aortic regurgitation. Perhaps it should be noted that the 

patient in case 62 died after four months in the hospital, during all of 

which time his heart was decompensated. His death, however, followed 

Ort 


the 
per- 


gastric hemorrhage, and subacute peptic ulcers of the stomach were 
at autopsy. In this group of four, the blood pressure was dis 
‘1 tinctly high in two and moderately increased in a third. 
ilitic ‘a aaa ; 
, The cardiac hypertrophy of this group may be ascribed to hyperten- 
S in ; ley : - ey 
sion in three of the four cases: The patient in case 64 not only had a 
lure ' a ee 
systolic pressure of 200, but died of red encephalomalacia, and at 
rom . , 
autopsy was found to have benign arteriosclerosis and arteriolosclerosis 
Was 


The fourth case is worthy of some discussion. In spite of low blood 
titis - I 


ci pressure, the heart was very large. The senior intern had noted a 
ial diastolic murmur at the aortic area: the hospital chart contained no 
confirmatory note by the attending physician. The circumference of 
the aorta was notably large. This case suggests the possibility of rela- 
tive aortic regurgitation during life, a subject which is occasionally 
raised between the clinician and the pathologist. 

In the third subgroup are included four hearts from the bodies of 
persons with syphilitic aortitis without deformity of the aortic valves, 
aortic regurgitation (anatomic) or cardiac hypertrophy. In one instance 

lere was a definite aneurysm of the arch. The figures recorded in 

ble 5 are strikingly similar to those for the normal group, except for 
of the left ventricle and the aorta. The circumference of the 
is wider in the syphilitic group than in the normal. The L/R 
is 2.099 (within the normal range) for this group, as compared 
770 for the average normal. 
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COM MENT 


e 6 presents a summary of the averages presented in the pre- 
ables. Former subgroups are given under numbers applicable 
this table alone. The greatest average body weight is found in 
up 4 (rheumatic hearts with mitral disease). The probability of 


I abl 
lo t 


{ 
ASS 


the influence of general edema has been referred to. The aortic cir- 
The heaviest hearts 


cumferences are larger in the syphilitic groups. 
Group 5 is the 


re found in group 7 followed by groups 8 and 6. 
nly other group in which the average heart weight was over 500 Gm 
The average weight of the hearts in the hypertensive group is almost 
exactly equal to that of the rheumatic hearts with mitral valvular dis- 
ease. The tables justify the conclusion that aortic regurgitation is the 
lesion most important in the production of extreme cardiac hypertrophy, 
and left ventricular enlargement is disproportionately great in these 
Cases. 

The highest average auricular weight is found in group 4 (113Gm.). 
The highest ventricular weights are found in group 7, in which both 
left and right ventricular weights exceed those of any other group. 
The left ventricular weight is disproportionate, as shown by the high 
Interesting are the figures for group 4 (rheumatic hearts 


L/R ratio. 
with mitral deformity) in which the left ventricle is enlarged, actually 
nd proportionately to the body weight, yet the right ventricle is almost 


as heavy as the left. The L/R ratio is the lowest recorded, 1.070. In 
group 2 (wasting diseases), the actual weights are less than the normal, 
but the total and fractional weights in relation to the body weight are 
above the normal average. 
While the absolute cardiac weights of the hypertensive group 
group 3) are not those of maximum increase, nevertheless the figures 
R ratio is the largest determined, 2.704 as 


are interesting. The L 
The actual left ventricular weight is 


compared with the normal 1.770. 
2.21 times the normal, while the right ventricular weights average only 
1.48 times those of the normal group. The ratio of left ventricular 
weight to body weight is, in group 3, 2.18 times that in group 1, and 
that of right ventricular weight to body weight is 1.43 times that of 
Most of the hearts in group 3 were from patients who had 


group 1. 
Our figures are not in agreement with the state- 


died of renal disease. 
ment of Lewis that renal disease is associated with uniform enlarge- 
Our results are strictly in agreement with 


ment of the ventricles. ‘ 
lood pressure is 


nother statement of Lewis to the effect that a rise of b 
important in the production of preponderance of the left ventricle, since 
the highest blood pressures are recorded in this group. The L/R ratios 
ire high and about equal in groups 6, 7 and 8. The second and fifth 
groups show an L/R ratio about normal; this ratio in the latter group 
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may be interpreted as indicating uniform hypertrophy of the ventricles 
in cases of rheumatic disease with aortic involvement. 

Table 7 presents a recapitulation of the increase in the average 
values of total and fractional weights relative to body weights as shown 
in all the abnormal groups in comparison with the normal. In group 2, 
the increase over normal values ranges from 1.04 to 1.07, 2 moderate 
increase which is obviously due to the relative decrease of body weight 
in wasting diseases. In group 4, the inference is clear that the cardiac 
enlargement is mainly due to the marked increase in weight of the 
auricles and the right ventricle as contrasted with an increase of the left 
ventricular weight of minor degree. The contrary is shown by the 
exaggerated hypertrophy of the left ventricle in the hypertensive group. 


TABLE 7.—I/ ncrease of Average Ratios Over Normal Value 


12 3 l 
LVW FVW 
’ Rs 


a 
RVW 

Wasting diseases ‘ 1.01 
Hypertensive hearts 
Rheumatie hearts: defor 
mity of mitral valve.. 
Rheumatic hearts: defor 
mity of aortic valve 
Rheumatie hearts; defor 
mities of mitral and 
aortic valves ....... 
Syphilitie hearts with 
aortic regurgitation 
Syphilitic hearts without 
aortie regurgitation, 
but with hypertrophy 

), Syphilitie hearts without 
aortic regurgitation or 
hypertrophy 


In the last four groups of table 7, - left ventricle was enlarged. 
In group 5, the proportionate increase in weight of the two ventricles 
was about the same, although the valvular deformity was confined to 
the aortic valves with both regurgitation and stenosis; the increase of 
ventricular weight was much greater than that of the auricles. In 
groups 6, 7 and 8, the first group with rheumatic disease and aortic as 
well as mitral involvement, and the other two groups with syphilitic 
disease, one with aortic regurgitation and the other with hypertension, 
the proportionate increase in the weight of the left ventricle was greater 
than that of the right. In group 6, increase of the auricular (combined ) 
weight was greater than that of the right ventricle, but less than that 
of the left. In groups 7 and 8, the increase of auricular weight was 
distinctly less than that of ventricular weight. The last three groups 
show an almost identical proportionate increase of the ratio of fresl 

rt weight to body weight. 2.12, 2.11 and 2.14. While the number 61 
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earts examined is small, it appears that the hypertrophy in both types 
f syphilitic hearts is such that the entire organ undergoes hypertrophy, 
although the increase in size of the left ventricle is disproportionate. 


One may conclude that the mechanical factors of regurgitation are not 
he only ones involved in the production of cardiac enlargement. The 


similarity of the figures in groups 7 and 8 also signifies that valvular 
nsufficiency is not the only cause of cardiac enlargement in syphilitic 
arts. That hypertension is not the only other factor is indicated by 

the figures for the two hearts from persons who had, during life, pres 
ires within normal limits. 

Table 8 shows a comparison of values obtained by Lewis and by us. 
[he column for septal weights is included because Lewis weighed the 
septum separately. In calculating the L/R ratio, he did not take the 
septal weight into consideration. Generally speaking, these figures are 
not widely at variance. The small number of hearts in some of the 
groups may account, partly, for the difference in results. Herrmann 
estimated the L/R ratio for the hearts of dogs by his own method and 
by that of Lewis, and found that the method of Lewis gave slightly 
higher figures, 1.398 for Herrmann’s method compared with 1.461 for 
that of Lewis. Lewis makes the statement that hypertrophy of the left 
ventricle alone is rare in aortic disease; in such hearts uniform hyper 
trophy is as frequent as hypertrophy with preponderance of the left 
ventricle. These statements are supported by our findings. In all cases 
f aortic valvular involvement included here, the heart showed hyper- 
trophy of both ventricles. In sixteen hearts with rheumatic or 
syphilitic involvement of the aortic valves, the L/R ratio is within the 
normal range in eleven; the other five show an L/R distinctly above 
what may be regarded as normal. 

The greatest discrepancy in the two sets of figures appears in the 
hypertensive and nephritic groups without valvular lesions. Eight of 
the ten hearts of our hypertensive group were found in association with 
lefinite renal change. Of these eight, the L/R ratios of only two were 
found within the normal range. Lewis found in practically all nephritic 
persons a normal L/R ratio and uniform hypertrophy. His complete 
series of twenty-seven hypertensive hearts shows an L/R ratio of 1.97, 


1 


ile our group of ten gives an average of 2.704. 


SUMMARY 
Sixty-four human hearts were divided and weighed according to the 
ethod described by Herrmann. These included normal hearts, hearts 
from persons dead of some form of wasting disease, hypertensive 
hearts, hearts from persons dead of rheumatic disease and hearts from 
persons dead of cardiovascular syphilis, with involvement of the aortic 


es and without such change. 
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CONCLUSIONS 


1. In patients dying of wasting disease, the heart weight decreases 
slightly less than that of the body in general. 


2. In patients with rheumatic deformity of the mitral valve alone, 
the increase in heart weight is due to an increase in the weight of the 
right ventricle and the auricles. 

3. In large hearts associated with regurgitation at the aortic valves, 
rheumatic or syphilitic, the entire heart hypertrophies, but the greatest 
increase is in the left ventricle. The assumption that only the left 
ventricle shows definite hypertrophy in cases of syphilitic aortic 
regurgitation of some duration is not acceptable. 

4. In the production of cardiac hypertrophy, mechanical factors are 
not solely effective. The figures for the large syphilitic hearts show 
diffuse cardiac hypertrophy whether or not aortic regurgitation was 
present. 

5. The hypertensive hearts without valvular disease do not equal in 
size the hearts in which long-standing valvular defects at the aortic 
orifice are found. In the hypertensive type, however, the proportionate 
increase in the size of the left ventricle is greater than in other groups. 

6. A comparison of our work with that of Herrmann shows that 
the L/R ratio in man is greater than that in the dog: The ratio of 
total ventricular weight to body weight is twice as great in the dog as 
in man. 

7. The customary method of determining the thickness of the ven- 
tricular walls at autopsy is apt to mislead as to the presence of right 
ventricular hypertrophy, which may be overlooked. 

8. The results obtained by the method here employed and _ thos 
obtained by Lewis with his method are similar for normal hearts and 
hearts with syphilitic lesions; they are approximately alike for hearts 
with rheumatic valvular deformity. In the hypertensive and nephritic 
groups, the results obtained by the two methods do not agree. 
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CLINICAL STUDIES OF RESPIRATION 


INFLUENCE ON THE EXPIRATORY POSITION OF THE CHEST IN 
MAN OF AN INSPIRED AIR WHICH IS LOW IN OXYGEN 
\ND HIGH IN CARBON DIOXIDE, AND OF RESISTANCE 
TO INSPIRATION AND TO EXPIRATION 


A. GREENE, M.D 


IOWA CITY 


In one previous study,’ it was found that the expiratory position 
of the chest may be increased by slight muscular work, and in another,’ 
evidence was presented which indicated that this alteration may be 
produced by a psychic or reflex mechanism. One purpose of this study 
was to determine whether or not anoxemia or the accumulation of car- 
bon dioxide would alter the expiratory position of the chest. 

In a previous study,? the carbon dioxide excreted was determined 
by the passage of dry expired air through weighed containers of 
soda lime and calcium chloride. This offered a slight resistance to 
expiration. Since Bittorf and Forschbach* and Siebeck * showed that 


stenosis of extrinsic air passages increased the middle position of the 


chest, it was decided to determine the influence of a constant resistance 
to expiration and to inspiration of the expiratory position of the chest. 


METHOD 


\ll subjects were accustomed to the apparatus and had had their 
basal metabolic rates determined several times before. In order to 
exclude the psychic factor as much as possible, the subjects were not 


From the Lily Laboratory for Clinical Research, Indianapolis City Hospital, 

Indiana University School of Medicine. 
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informed that the composition of the inhaled gas differed from that 
of air. The psychic factor could not be excluded in the experiments 
in cases in which there was resistance to the respirations. 

A record of the respirations was obtained by means of the body 
plethysmograph,' with the subject in the supine position. After the 
expiratory position had been practically constant for from five to ten 
minutes, the subject was connected to the ordinary spirometer used in 


= 


Chart 1.—In this and subsequent charts the graphs are read from right t 
and the down stroke represents expiration. A is a spirogram taken simultaneot 
with the plethysmogram, B. At 1 the mouth-piece was inserted; at 2 the nose 
was applied and the spirographic record begun, and at 3 the spirographic re 
was discontinued. In this chart it is shown that no alteration in the expirator) 
position occurred when the oxygen was 5.2 per cent. 


determining the basal metabolism. For the experiments on anoxemia the 
spirometer was filled with the air of the room, and the carbon dioxide 
was removed in the usual way. When the effect of carbon dioxide 
was studied, the spirometer was filled with oxygen, and an empty con- 
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that tainer of the type used for the soda lime was employed. The rate and 
nents mplitude of respirations were watched, and in most cases the subject 
was disconnected from the spirometer at about the time he became 
body conscious of increased breathing. 
r the 


» ten 


Samples of air were removed from 
































Chart 2.—An increase in the expiratory position o« 
was 1] per cent. 


curred 


I 


the spirometer and analyzed by the Henderson apparatus for the analysis 


ons 
ad. 


When the effect of resistance to inspiration and to expiration was 
studied, the spirometer was filled with oxygen, and the carbon dioxide 


was removed in the usual way. Resistance to expiration was produced 
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by placing weights on the spirometer bell, and resistance to inspiration by 
placing weights on the counterbalance of the spirometer. 


RESULTS 

The influence of anoxemia on the expiratory position of the chest 
was determined in six subjects. In five of them the expiratory posi- 
tion remained practically constant when the oxygen had decreased to 
about 7, 6, 6, 5.2 and 8 per cent. In one subject it increased slightly 
when the oxygen was 11 per cent. The two reactions are shown in 
charts 1 and 2. The graphs are read from right to left, and the down 
stroke is expiration. In each chart, A is a spirogram taken simultane- 
ously with the plethysmogram,B. At 1 the mouthpiece was inserted, 
at 2 the nose-clip was applied and the spirographic record begun, and 
at 3 the spirographic record was discontinued. Chart 1 shows no alter- 
ation of the expiratory position when the oxygen was 5.2 per cent, 


Influence of Simultaneous Anoxemia and Increase in Carbon Dioxide in 
Four Subjects 


Carbon Dioxide Oxygen 
in the in the 
Inspired Air, Inspired Air, Change in Expiratory 
Subject per Cent per Cent Position 


‘2 15.0 Slight increase 
4. 13.0 Slight increase 


7 
6.1 17.0 No change 
6.3 16.0 No change 
6.6 10.0 No change 


and chart 2 shows an increase in the expiratory position when the 


oxygen was 11 per cent. 

Three of the five subjects in whom the influence of carbon dioxide 
was studied showed no alteration of the expiratory position of the 
chest when the carbon dioxide had increased to 7.2, 6 and 7.8 per cent. 
In two subjects the expiratory position increased slightly with 4 and 7.3 
per cent carbon dioxide. The increase was less than that shown in 
chart 2. 

Since marked anoxemia or accumulation of carbon dioxide acting 
separately produced little or no alteration of the expiratory position 
of the chest, the influence of simultaneous anoxemia and increase in 
carbon dioxide was studied in four subjects. The results are shown 
in the table. 

The increase in the expiratory position in subjects 1 and 2 was less 
than that shown in chart 2. 

The application of weights of 0.3, 0.6 and 1 pound (0.15, 0.3 and 
0.5 Kg.) to the spirometer bell or to the counterbalance produced n 
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alteration of the expiratory position of the chest in any subject. When 
, weight of 2 pounds (0.9 Kg.) was applied to the counterbalance as 


resistance to inspiration, there was only a slight decrease in the expira- 


tory position, as shown in chart 3. The weight was applied to the 


> 


counterbalance at 7 and was removed at 2. B shows the slight effect 


Chart 3.—Only a slight decrease in the expiratory position occurred when a 
weight of 0.9 Kg. was applied to the counterbalance as resistance to inspiration. 


on the expiratory position of the chest, while 4 shows a greater effect 
due to expansion of the air in the spirometer system 

When the 2-pound (0.9 Kg.) weight was placed on the spirometer 
bell to produce resistance to expiration, the expiratory position was 
increased from 250 to 500 cc. in all subjects. This increase occurred 
immediately after the resistance was applied. The first expiration was 


short, followed by a greater inspiration. After the initial increase, 
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the expiratory position decreased slightly in four subjects, and had 


returned to its previous level in one subject before the resistance 


was removed. The effect is shown in chart 4. The weight was applied 


Chart 4—When a weight of 0.9 Kg. was place on the spirometer bell to produc 
resistance to expiration, the expiratory position was increased from 250 to 500 c 
in all subjects. 


to the top of the spirometer bell for resistance to expiration at 1 and 
was removed at 2. The increase in the expiratory position is shown in B, 
while the effect shown in A is exaggerated, owing to the compression 
of the air in the spirometer system. 
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CLINICAL STUDIES OF RESPIRATION 


IV. SOME OBSERVATIONS ON CHEYNE-STOKES RESPIRATION 


A. GREENE, M.D. 


IOWA CITY 


The periodic irregularity of respiration, characterized by a period 
of apnea followed by breathing that begins almost imperceptibly, waxes 
until it becomes dyspneic and then wanes until apnea follows the last 
shallow breath, was first described by Cheyne, in 1818, and later by 
Stokes, in 1854. 

This type of breathing was considered pathologic by the earlier 
investigators, but Mosso? described Cheyne-Stokes respiration in the 
hibernating dormouse, and in man during sleep and after the administra- 
tion of chloral. Pembrey? confirmed the finding of Cheyne-Stokes 
breathing in hibernating animals, and showed that the administration of 
carbon dioxide would abolish the irregularity. Pembrey and Allen 
had previously shown that the administration of oxygen, carbon dioxide 
or gas deficient in oxygen abolished Cheyne-Stokes breathing in a 
patient and explained the phenomenon by a diminished excitability of 
the nervous system; the carbon dioxide accumulates and the oxygen 
diminishes until the nerve cells are stimulated; then respirations begin. 


During the hyperpnea, the carbon dioxide is washed out, and sufficient 
oxygen is taken in. Apnea follows because of lack of sufficient carbon 


dioxide to stimulate the nerve cells. 

Cheyne-Stokes respiration may occur in several pathologic condi- 
tions, tumors of the brain, cerebral hemorrhage, meningitis, fractured 
skull, cardiac failure, uremia and arteriosclerosis. It has been produced 
experimentally in animals by Eyster* and others by increasing the 
intracranial pressure and by Roberts ° when he administered epinephrine 
intravenously to rabbits and cats under ethyl carbamate (urethane) 

From the Lilly Laboratory of Clinical Research and the Indiana University 
School of Medicine. 

1. Mosso, A.: Arch. per le sc. med. 2:442, 1878; Arch. f. Physiol. (supp.), 
1886, p. 37. Quoted by Pembrey.? 

2. Pembrey, M. S.: Observations on Cheyne-Stokes Respiration, J. Pat! 
& Bact. 12:258, 1908. 

3. Pembrey, M. S., and Allen, R. W.: Observations upon Cheyne-Stokes 
Respiration, J. Physiol. $32: XVIII, 1905. 

4. Eyster, J. A. E.: Clinical and Experimental Observations upon Cheyne 
Stokes Respiration, J. Exper. Med. 8:565, 1906. 

5. Roberts, F.: Cheyne-Stokes Respiration: I. Production by Adrenalin, 
J. Physiol. 56:101, 1922. 
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and a chloroform and ether mixture anesthesia. Greeley and 
Greeley ® produced it by partial obstruction of the cerebral blood 
vessels. Swindle* was able to train anesthetized dogs and cats to 
breathe in a Cheyne-Stokes fashion, and later showed that decapitation 
of the muskrat and sea-lion scarcely altered their normal periodic 
breathing. MacLeod * produced Cheyne-Stokes breathing in decere- 
brated cats by periodic compression of the vertebral arteries, and by 
making the animals breathe through long tubes and a small flask of soda 
lime that removed the carbon dioxide. This method was the same as 
that used by Douglas and Haldane *® to produce Cheyne-Stokes breath- 
ing in man. 

Eyster * was the first to differentiate between different types of 
Cheyne-Stokes breathing by the relation of the breathing to changes in 
blood pressure. In cases in which the irregularity occurred with increased 
intracranial pressure, he found that the blood pressure fell during the 
apnea and increased with the hyperpnea, while in cases of cardiac failure 
and nephritis the blood pressure rose with an increase in the pulse rate 
during the apnea and fell with a decrease in the pulse rate during the 
hyperpnea. This was the first method available for differentiating 
between the different types of Cheyne-Stokes respiration other than 
by the pathologic conditions in which it occurred. 

A body plethysmograph has recently been described *° that records 
the ventilation of the lungs with a certain degree of accuracy and 
without interference with the breathing. Conner and Stillman '' showed 
that the thoracic wall and diaphragm do not always have the same type 
or degree of action in disturbed respirations; it appeared that the body 
plethysmograph might be of aid in the study of some of the abnormali- 
ties of respiration. 


Plethysmographic records were obtained of the breathing of twenty 


patients with Cheyne-Stokes respiration. With some patients only one 


6. Greeley, P. O., and Greeley, C. E.: Circulatory Changes During Periodic 
Breathing Produced by Moderate Obstruction to the Cerebral Arteries, Am. J. 
Physiol. 95:371 (Nov.) 1930. 
7. Swindle, P. F.: Superimposed Respirations or Cheyne-Stokes Breathing 
\mphibious and Nonamphibious Mammals, Am. J. Physiol. 79:188, 1926. 
8. MacLeod, J. J. R.: Periodic Breathing and the Effects of Oxygen Admin- 
istration in Decerebrate Cats, Am. J. Physiol. 55:175, 1921 
9. Douglas, C. G., and Haldane, J. S.: The Causes of Periodic or Cheyne- 
Stokes Breathing, J. Physiol. 38:401 (June) 1909. 
10. Greene, J. A., and Coggeshall, H. C.: Clinical Studies of Respirations: 
I. A Plethysmographic Study of Quiet Breathing and of the Influences of Some 
linary Activities upon the Expiratory Position of the Chest in Man, Arch. Int. 
52:44 (July) 1933. 
Conner, L. A., and Stillman, R. G.: A Pneumographic Study of 
iratory Irregularities in Meningitis, Tr. A. Am. Physicians 26:464, 1911 
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tracing was obtained, while with other patients tracings have been taken 
at various intervals. 

According to these records, Cheyne-Stokes respirations can be divided 
into two groups. One group is associated with cerebral lesions and is 
characterized by an almost constant expiratory position, as shown in 
graph A of chart 1, while the other group occurs in association with 


cardiovascular disease and exhibits a fluctuating expiratory position, as 





Chart 1.—The two different types of Cheyne-Stokes respirations. A, which 
exemplifies the group associated with cerebral lesions, is characterized by an 
almost constant expiratory position; B, which exemplifies the group associated 
with cardiovascular diseases, shows a fluctuating expiratory position. The graphs 
are read from left to right. The down stroke represents expiration. 


shown in graph B of chart 1. The graphs are read from left to right, 


and the down stroke represents expiration. 

In the cerebral group only the Cheyne-Stokes respiration in cases 
of cerebral hemorrhage and fracture of the skull was studied. In the 
cardiovascular group, the respiration in cases of hypertensive heart 
disease, arteriosclerotic heart disease and syphilitic heart diseas 
(aortic insufficiency with myocardial failure) was studied, but 
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ses of arteriosclerosis without cardiac impairment or uremia were 
served. This grouping of Cheyne-Stokes respirations coincides with 
yster's.* 
lhe degree of alteration of the expiratory position of the chest in 
second group varies with different cases from 250 cc. to 1,000 cc. of 
r and can be detected clinically if one places the eye near the level 
the anterior surface of the body and focuses during the apnea on 
point only slightly above the patient’s abdomen and chest. With 
he occurrence of hyperpnea, the increase in the expiratory position can 
letected by a rise in the chest and, more clearly, by a rise in the 


Pembrey and Allen * were able to change the Cheyne-Stokes respira- 
tion of a patient to regular breathing by the administration of oxygen, 
air deficient in oxygen or air containing an excess of carbon dioxide. 
\nthony, Cohn and Steele’? were able to abolish the irregularity of 
Cheyne-Stokes respiration by increasing the carbon dioxide in the 
inhaled air, but the irregularity persisted when the oxygen was increased. 
lhe reaction of the patients in my series to the administration of oxygen 
further supported the classification into two groups. The respiration 
gradually became regular when oxygen was administered to two patients 
who exhibited a constant expiratory position, as shown in chart 2. The 
graph is read from left to right, and the down stroke represents expira- 
tion. Oxygen was administered at 7 and continued throughout the 
graph. When oxygen was discontinued, the Cheyne-Stokes respiration 
recurred. 

The respiration of the other group with fluctuating expiratory posi- 
tion either was unaltered or showed a prolongation of the apnea and a 
decrease of the hyperpnea when oxygen was given, as shown in chart 3. 
The graph is read from left to right, and the down stroke represents 
expiration. Oxygen was administered at 7 and continued throughout 
the graph. 

When 5 per cent carbon dioxide was added to the oxygen given to 
the patients with cardiac involvement, the respiration became regular and 
the expiratory position was elevated, as shown in chart 4. The graph 
is read from left to right, and the down stroke represents expiration. 
Five per cent carbon dioxide was begun at 7 and discontinued at 2. 

These findings indicate that in the cerebral group the deficiency in 
oxygen played a prominent role, while in the cardiac group the 
mechanism appeared more complex. 

Since carbon dioxide is a respiratory stimulant and abolishes the 
irregularity in the cardiac group of Cheyne-Stokes respirations, caffeine 


12. Anthony, A. J.; Cohn, A. E., and Steele, J. M Studies on Cheyne- 
kes Respiration, J. Clin. Investigation 11:1321 (Nov.) 1932 
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was given to some of the patients with this type of breathing. The 
irregularity disappeared, but only after comparatively large doses of 
caffeine had been given, and then the breathing was not regular, but 
more of Biot’s type, as shown in chart 5. The graph is read from left 
to right, and the down stroke represents expiration. This patient had 
typical Cheyne-Stokes respiration of the type shown in chart 1, graph B 
before medication with caffeine, and the Cheyne-Stokes breathing 
returned after the caffeine was discontinued. 

In the light of the aforementioned findings, the generally accepted 
explanation of Cheyne-Stokes respiration appears intelligible when 


Chart 2—The gradual change of Cheyne-Stokes respiration to regular breath- 
ing when oxygen was administered (at 1) to a patient who exhibited a constant 
expiratory position. 


Chart 3—When oxygen was given (at 1) to a patient with a fluctuating 
expiratory position, the respirations were either unaltered or showed a prolonga- 


tion of the apnea and a decrease of the hyperpnea. 


applied to the cerebral group, but is not so clear when applied to the 
cardiac group on which oxygen either had no effect or had the effect 
of prolonging the apnea. 


The relation of the circulation of the brain to the production of 


Cheyne-Stokes respiration was shown by Eyster,* but in the light of 
more recent work his explanation of the mechanism of production does 
not seem clear. His explanation of the production of apnea by anemia 
of the respiratory center, however, is supported by the work of Greeley 


and Greeley.* Roberts ° was able to produce Cheyne-Stokes respiration 
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e cat by intravenous injection of epinephrine, and explained this 
VDE ot 


f breathing by anemia of the respiratory center. 
vaves of increased and decreased blood 


P There were 
pressure which he thought 


iS 


sused the anemia of the respiratory center by vasoconstriction. How 
. Wright 7° did not find any apnea in a decerebrated animal with 


respiratory center, and epinephrine did not produce 


Chart 4—The respirations of a patient with cardiac involvement became regu- 
ar and the expiratory position was elevated when 5 pe 
t 


" 
to the oxygen administered. 


r cent carbon dioxide was 


Chart 5.—The effects of the administration o Cheyne-Stokes 
spiration of a patient with cardiac disease ; 


; the irregularity disappeared, but only 
comparatively large doses had been | 
’s type. 


f caffeine on the 
aiter given, and then the respiration was of 


apnea when the vagi were cut and the carotid bulbs were denervated 
ee ke 


also found that epinephrine did n ‘e apnea if the 
13. Wright, S.: Action of Adrenalin and Related Substances on Respiration, 
J. Physiol. 69:493 (June) 1930. 
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increase in blood pressure was prevented by a compensatory apparatus 
connected to the abdominal aorta, but apnea occurred if the b 
pressure was permitted to increase. Heymans and Bouckaert ** als 
showed the relation of the carotid bulb reflex to epinephrine-induc 
apnea. 

Scott '° found that stimulation of the vagus produced apnea even at 
the height of hyperpnea, and Mellanby and Huggett *® found that tl 
injection of epinephrine also produced apnea even in the midst 
hyperpnea from an increase of carbon dioxide or a deficiency of oxyger 
The apnea developed by a waning of the respirations. 

The importance of the reflex control of respirations has becom 
more prominent. Bohr ** found that work increased the middle positior 
of the chest and thought that the increase in position was a compensa 
tory mechanism to widen the pulmonary capillaries, while Bittorff and 
Forschbach ** showed that it was a reflex phenomenon that at times 
was detrimental to the proper gaseous exchange. An increase in th 
expiratory position of the chest through a reflex mechanism that was 
detrimental to the proper gaseous exchange has also been demonstrated 
by Greene and Coggeshall.’* Harrison, Calhoun, Cullen, Wilkins and 


Pilcher 2° showed that the chemical factor is not sufficient to cause the 


dyspnea in patients with cardiac disease, and that in dogs 

which the vital capacity had been reduced the tachypnea was due t 
a reflex mechanism and not to chemical factors. Harrison, Harrison, 
Calhoun and Marsh ** showed that passive movements of the extremity 

14. Heymans, C., and Bouckaert, J. J.: Sinus Caroticus and Respiratory 
Reflexes: I. Cerebral Flow and Respiration, J. Physiol. 69:254 (April) 1930. 

15. Scott, F. H.: On the Relative Parts Played by Nervous and Chemical 
Factors in the Regulation of Respiration, J. Physiol. 37:301, 1908. 

16. Mellanby, J., and Huggett, A. St. G.: The Adrenalin and Vagal Types 
of Apnea, J. Physiol. 57:395 (Aug.) 1923. 

17. Bohr, C.: The Functional Variations of the Middle Position and Vital 
Capacity of the Lungs: Normal and Pathological Emphysema, Deutsches Arch 
klin. Med. 88:385, 1906-07. 

18. Bittorff, A., and Forschbach, J.: Investigation on the Lung Filling wy 
Sickness, Ztschr. f. klin. Med. 70:474, 1910. 

19. Greene, J. A., and Coggeshall, H. C.: Clinical Studies of Respirations 
II. The Influence of the Determination of the Basal Metabolism on the Respira- 
tory Movements in Man and the Effect of These Alterations on the Calculated 
Basal Metabolic Rate, Arch. Int. Med. 52:226 (Aug.) 1933. Greene and Cog- 
geshall.1° 

20. Harrison, T. R.; Calhoun, J. A.; Cullen, G. E.; Wilkins, W. E., 
Pilcher, C.: Studies in Congestive Heart Failure: XV. Reflex Versus Chemical 
Factors in the Production of Rapid Breathing, J. Clin. Investigation 11:133 (Jan 
1932. 

21. Harrison, T. R.; Harrison, W. G.; Calhoun, J. A., and Marsh, J. P 
Congestive Heart Failure: XVII. The Mechanism of Dyspnea on Exert 
Arch. Int. Med. 50:690 (Nov.) 1932. 
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ie dog increased the ventilation whether or not the circulation to and 

the moving part was intact. The effect was abolished by inte 
ence with the nerve supply. 

Bass ** studied the influence of stenosis of the extrinsic air passages 
subjects before and after administration of atropine, and concluded 

the middle position of the chest is controlled through the vagus 
rve. Herzog ** concluded that the varying carbon dioxide content of 
the expired air was a consequence and not the cause of Cheyne-Stokes 
reathing. He placed the responsibility on impulses carried by the 
gus nerve. 

Meakins ** recognized the inadequacy of the explanation of Cheyne 


tokes respiration by anoxemia and carbon dioxide, and used the 
lungs as the auxiliary 


xplanation of unequal ventilation of the 
chanism. Haldane, Meakins and Priestley 


g 
had previously had to 
sort to this explanation as the cause of anoxemia in the effort 
yndrome. 

The reflex action on the respirations is evidently complicated, to 
udge by the work of Hertzman and Gesell,*° Moore,** Scott,’* Wright, 
Heymans and Bouckaert '* and Harrison and others.** Lumsden 
has also postulated from his findings that there is a series of respiratory 
centers in the lower brain stem, each of which is released if the center 
ibove is destroyed, and that the mechanism of quiet breathing depends 

an interaction between these centers. From work on amphibious 
| nonamphibicus mammals, Swindle* concluded that there were 
cord of mammals 


rudimentary respiratory centers in the spinal 
lrevan and Boock *® suggested from their work with the cat that the 
part of the respiratory center that remains after decerebration just 
behind the anterior edge of the pons depends more on vagal than on 


chemical stimuli. 
22. Bass, E.: Ueber die Funktionelle der respiratorischen Mittellage 
Lungenliftung, Deutsche med. Wchnschr. 54:729 (May 4) 1928. 
23. Herzog, F.: Origin of Cheyne-Stokes Respiration, Deutsches Arc 
Med. 138:200 (Jan. 24) 1922. 
24. Meakins, J. C.: Causes and Consequences of Disturbance of 
Rate and Rhythm, Canad. M. A. J. 9:319, 1919. 
25. Haldane, J. S.; Meakins, J. C., and Priestley 
w Breathing, J. Physiol. 52:433, 1919 
Hertzman, A. B., and Gesell, R.: The Regt of Respiration: XII 
Vagal Reflex Control of the Respiratory M« 
J. Physiol. 82:608, 1927. 
27. Moore, R. L.: A Study of the Hering-Breur Reflex, J. Exper 
1927. 
28. Lumsden, T.: Observations on the 
hysiol. $57:153 (March) 1923; Observations 
57:354 (Aug.) 1923 


29. Trevan, J., and Boock, E.: 


The Effects of Shal 


vements of the Isolated Head 


Med. 46: 


iration of the Cat, J. 
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\n undulatory type of breathing that may occur in normal persor 
has been described by Mosso,*® Conner and Stillman ** and Greene and 
Coggeshall.’° In this undulatory type of breathing there is a rhythmica 
alteration of the expiratory position of the chest with variations 
amplitude of breathing. Conner and Stillman ** thought that all patients 
with Cheyne-Stokes respiration passed through this undulatory stage 
_similar type of breathing, but with more exaggerated fluctuations 
the expiratory position and amplitude, is sometimes seen in patier 
before Cheyne-Stokes breathing begins, when the breathing 1s becomin; 
regular, or when a patient with frank Cheyne-Stokes respiration has hi 
attention directed to his breathing. The expiratory position of the cl 
is altered, but there is no apnea, as shown in chart 6. The graph 


read from left to right, and the down stroke represents expiration. 


Chart 6.—A type of breathing which sometimes occurs before Cheyne-Stokes 
breathing begins or when it is becoming regular; the fluctuations of the expiratory 
position and the amplitude are more exaggerated than in normal undulatory 


breathing. 


It appears not unlikely that the undulatory type of breathing that 
occurs in the normal person is due to an interaction on the respirations 
of reflexes different from those that occur in persons with regular 
breathing. This is supported by the finding of Mosso *° and Conner and 
Stillman '' that it occurs more frequently in the young and the aged 
The similarity of the undulatory breathing to the Cheyne-Stokes breath 
ing of the cardiovascular group suggests that a similar reflex mechanism 


plays a prominent part in the production of this type of Cheyne- 


Stokes breathing. This idea is further supported by: (1) the physi- 
ologic occurrence of the Cheyne-Stokes type of breathing in certain 
animals, (2) the occasional presence of it in infants and elderly people, 
(3) the reaction of patients with this type of Cheyne-Stokes respiratiot 
30. Mosso: Les mouvements respiratoires du thorax et du diaphragme, Ar 
ital. de biol. 40:43, 1903: quoted by Conner and Still 1 
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the administration of oxygen, (4) their reaction to respiratory 
stimulants, as carbon dioxide and caffeine, (5) the fact that the irregu- 
larity is frequently abolished when the patient’s attention is directed to 
his breathing and (6) the fact that the expiratory position of the 
hest of normal persons was not materially altered when the inspired 
air was changed by an increase of carbon dioxide, by a decrease of 
oxygen or by a simultaneous decrease of oxygen and increase of carbon 
dioxide. 

SUMMARY 

1. Records of the respirations of twenty patients with Cheyne- 
Stokes breathing have been obtained by a body plethysmograph. 

2. Cheyne-Stokes respirations are divided into two groups: In 
one group the expiratory position of the chest is practically constant ; in 
the other it fluctuates markedly. 

3. The response of these patients to the administration of oxy; 
further supports the classification into two groups. 

+. The fluctuations of the expiratory position of the chest 
second group can be detected clinically in most instances 
5. It is suggested that a reflex mechanism may play a prominent 
role in the production of the Cheyne-Stokes breathing in the group with 
the fluctuating expiratory position. 


31. Greene, J. A Clinical Studies of Respiration: III 


Expiratory Position of the Chest in Man of an Inspired Air 


Oxygen and High in Carbon Dioxide, and of Resistance 
Arch. Int. Med., this issue, p. 447 





EFFECT ON IDIOPATHIC HYPOCHROMIC ANEMIA OF 
BEEF STEAK (HAMBURGER STEAK) DIGESTED 
WITH NORMAL GASTRIC JUICE 


RICHARD T. BEEBE, M.D. 
ALBANY, N. Y. 


AND 


M. M. WINTROBE, M.D. 


BALTIMORE 


The reports of cases of idiopathic hypochromic anemia continue to 
increase, but controversy exists, nevertheless, as to whether or not this 
condition can be accepted as a clinical entity. Some authors? think of 
this anemia as an atypical form of pernicious anemia. Others consider 
that it is a form of anemia resulting from undiscovered chronic loss 
of blood. Opinions* have been expressed that the anemia is the 
result of dietary deficiencies or that it is related to chlorosis, once so 
common in young girls. The view most generally held, however, is 


that the anemia and the clinical picture are the result of some deficiency 


in gastric secretion * or the consequence of an inability of the gastro- 
intestinal tract to absorb from the food substances necessary for the 
formation of blood.‘ 

In 1929, Castle ® showed that when beef steak properly digested 
with normal gastric juice was fed to patients suffering from perni- 
cious anemia, a remission in the disease was produced similar to 
that resulting from treatment of the patients with liver. The experi- 
ments reported in this paper were based entirely on Castle’s work, and 
represent an effort to determine whether or not patients with idio- 

From the Medical Clinic, the School of Medicine, Johns Hopkins University 
and Hospital. 

1. Dameshek, W.: Primary Hypochromic Anemia, Am. J. M. Sc. 182:520, 
1931. Witts, L. J.: Simple Achlorhydric Anemia, Guy’s Hosp. Rep. 80:253, 1930. 

2. Bloomfield, A. L.: Relations Between Primary Hypochromic Anemia and 
Chlorosis, Arch. Int. Med. 50:328 (Aug.) 1932. 

3. Waugh, T. R.: Hypochromic Anemia with Achlorhydria, Arch. Int. Med. 
47:71 (Jan.) 1931. Mettier, S. R., and Minot, G. R.: The Effect of Iron on 
Blood Formation as Influenced by Changing the Acidity of the Gastro-Duodenal 
Contents in Certain Cases of Anemia, Am. J. M. Sc. 181:25, 1931. 

4. Haden, R. L.: Simple Achlorhydric Anemia, J. A. M. A. 99:1398 
(Oct. 22) 1932. Wintrobe, M. M., and Beebe, R. T.: Idiopathic Hypochromic 
Anemia, Medicine 12:187, 1933. 

5. Castle, W. B.: Observations on the Etiologic Relationship of Achylia 
Gastrica to Pernicious Anemia, Am. J. M. Sc. 178:748, 1929. 
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pathic hypochromic anemia would likewise respond favorably if given 
steak digested in normal gastric juice. Such tests, it was believed, 
serve to indicate whether the same or another intrinsic factor 
s lacking in the gastric secretion of these patients and might add further 
nformation in the comparison of this type of anemia with pernicious 
anemia. 
Five cases of idiopathic hypochromic anemia have been selected. 
rhe procedures followed in each instance will be discussed briefly. 


TaBLE 1 (Case 1).—Results of the Examination of the Blood 


On Admission On Discharge 


lood count.. : 4,100,000 5,260,000 

lobi or ri 6 Gm. (41%) 15.1 Gm. (104% 
Volume of packed red cells : 24.2 per cent 44.2 per cent 
Mean corpuscular volume : 9 cubie microns 84 cubic microns 
Mean corpuscular hemoglobin ; 15 mieromicrograms 29 micromicrograms 
Mean corpuscular hemoglobin concentration. 25 per cent 34 per cent 
Reticulocytes oe dss wanes 1.4 per cent 
White blood count 














Chart 1 (case 1).—The ineffectiveness of beef steak digested with normal 
gastric juice and of large amounts of liver extract in securing remission of the 
iunemia. Response of the reticulocytes followed the administration of 2 Gm 
f iron ammonium citrate with steak digested with hydrochloric acid and pepsin, 
ind also following the administration of 2 Gm. of iron ammonium citrate with 
steak digested with normal gastric juice. A third response of the reticulocytes 

ompanied by a rapid increase in the hemoglobin and hematocrit percentage 
llowed when 6 Gm. of iron ammonium citrate was given daily. 


REPORT OF CASES 


AsE 1—O. B. was given daily for six days 200 Gm. of beef steak digested 
vith pepsin and hydrochloric acid. No change in the blood counts occurred. She 
vas then given six daily feedings of 200 Gm. of beef steak digested with 100 cc 

lormal gastric juice; there was still no change in the blood. She next received 
ials of liver extract daily for six days, again without evidence of improve- 
in the blood or in the general condition. The next procedure was the 
inistration of six daily doses of 2 Gm. of iron ammonium citrate and 200 Gm 
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of beef steak which had been digested with hydrochloric acid and pepsit 
prompt rise of the reticulocytes to 4.2 per cent followed. Two grams of 
ammonium citrate was then fed daily with 200 Gm. of beef steak digested 
100 cc. of normal gastric juice; the reticulocytes rose to 5.1 per cent. Finally, 
daily doses of 6 Gm. of iron ammonium citrate were given alone. A third rise 
of the reticulocytes to 7 per cent followed, with an increase in the hemog] 


and in the volume of packed red blood cells. An improvement in the patient's 


general condition also occurred. 
The bleeding and clotting times were normal. 


TABLE 2 (CASE 2).—Results of the Examination of the Blood 


On Admission On Discharge 


Red blood count 3,970,000 4,640,000 
Hemoglobin . 6.3 Gm. (42%) 14.1 Gm. (97% 
Volume of pac ke rd red ce lis. - 25.2 per cent 39.9 per cent 
Mean corpuscular volume sash 64 cubie microns 86 cubie microns 
Mean corpuscular hemoglobin 16 micromicrograms 30 micromicrogra: 
Mean corpuscular hemoglobin conce ntration.... 25 per cent 35 per cent 
Reticulocytes , 0.4 per cent 

White blood count . ' 4,150 

Platelets daadhad ; aie 216,000 

Icteric index 5 














Chart 2 (case 2).—No response of the reticulocytes or improvement in the 
blood occurred when the following feedings were administered: steak digested with 
normal gastric juice; 1 Gm. of iron ammonium citrate with 0.08 Gm. of copper 
sulphate ; 0.08 Gm. of copper sulphate given alone; 1 Gm. of iron ammonium citrate 
given with steak digested with normal gastric juice. Prompt response of the 
reticulocyte, hemoglobin and hematocrit percentages followed the daily administra- 
tion of 6 Gm. of iron ammonium citrate. 


The blood smear on admission showed a preponderance of small, pale red 
cells with central achromia and slight poikilocytosis. The white cells and platelets 
were normal. No abnormalities were noticeable in the blood smears on dischargé 

Case 2.—As in the preceding case, 200 Gm. of beef steak digested wit! 
hydrochloric acid and pepsin was administered daily for six days to the patie 
A. T. This was followed by six daily feedings of 200 Gm. of beef steak digested 
with 100 cc. of normal gastric juice. In neither instance was there a significant 
increase in the percentage of reticulocytes. The patient was next given 1 Gn 


days 


of iron ammonium citrate with 0.08 Gm. of copper sulphate daily for six 
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idministration of the latter being continued for nine days after the iron was 

ntinued. Subsequently, 1 Gm.. of iron ammonium citrate was given in 

) Gm. of beef steak and 100 cc. of normal gastric juice. These modes 

treatment were likewise ineffectual. Finally iron ammonium citrate was givet 

doses of 6 Gm. daily. A prompt rise of the reticulocytes, a rapid returt 

e red blood cell count, the hemoglobin and the volume of packed red cells t 
and a gradual disappearance of the patient’s symptoms followed 

[he blood smear examined on admission revealed that the majority of the red 


ells were small and pale; there were a number of elliptic erythrocytes, and 1 


On Discharge 


i blood count......... P 320, 5,100,000 
Hemoglobin ‘ y ( t 12.2 Gm. (84 
Volume of packed red cells... 27 per cent 38.2 per cent 
Mean corpuscular volume...... 63 eubie microns 75 eubie microns 
Mean corpuscular hemoglobin. 17 micromicrograt 24 micromicrograms 
Mean corpuscular hemoglobin concentration 27 per cent 32 per cent 

0 


ulocytes osseee 
hite blood count... 8,000 


Icteric index ........ 


2 per cent 





d with 
copper 
citrate 
Chart 3 (case 3) No response 
steak digested with normal gastric jul 


hemoglobin and the volume of packed 


‘ , 
oblast per one hundred 


On discharge, the 


a 
was 
iron ammonium citrate was 
nse of the reticulocytes (3.8 per 
nd red blood cell count 


e rapid when 12 Gm. « 
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In the blood smear on admission, cells of all sizes from large, well 


macrocytes to the smallest, pale microcytes, were found. The latter predominated 
in number. Many elliptic cells were present. There were no sickle cells in th 
fresh blood. There was a slight shift to the left in the myeloid leukocytes. The 
blood smear on discharge did not show these abnormalities. 


Case 4——M. R. was given six daily feedings of 200 Gm. of beef steak 


digested with 100 cc. of normal gastric juice. No rise of reticulocytes or cl 


TaBLe 4 (CAsE 4).—Results of the Examination of the Blood 


On Admission On Discharge 


Red blood count.. 5,400,000 5,100,000 
Hemoglobin .... 8.5 Gm. (55%) 12.6 Gm. (87% 
Volume of packed red cells 30.6 per cent 40.4 per cent 

Mean corpuscular volume.. 52 eubie microns 78 cubic microns 
Mean corpuscular hemoglobin. 14 micromicrograms 24 micromicrograms 
Mean corpuscular hemoglobin concentration 28 per cent 31 per cent 
Reticulocytes .. - Me 0.2 per cent 

White blood count.. 4,500 


Icteric index ...... 5 
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Chart 4 (case 4).—The reticulocytes failed to respond to feedings of beef 
steak digested with normal gastric juice. A rapid increase in the reticulocytes, the 
hemoglobin and the volume of packed red cells followed the administration of 
iron. 


in the red blood count or in the hemoglobin content followed this procedure. Four 
days after administration of iron ammonium citrate, 6 Gm. daily, was started, a 
definite response of the reticulocytes occurred, and this was followed by a rapid 
rise in the hemoglobin and in the volume of packed red cells to almost normal 
readings. These changes were accompanied by symptomatic improvement. 

A blood smear taken on admission showed that the majority of the red blood 
cells were small and pale. There were no abnormalities in the white cells, and 
the platelets were normal. 
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.. A. was given 200 Gm. of beef steak digested with 100 cc 
1al gastric juice daily for six days. There was no evidence of a response 
reticulocytes. ni { 6 Gm. of iron ammonium 
daily, there was a prompt response of the reticulocytes, the hemoglobin and 

lume of packed red cells. 
.od smears examined on admission showed that the red blood cells were small 


{| pale, with marked central achromia, and that the white cells were normal. 
Taste 5 (CASE 5).—Results of the Examination of the Blood 


On Admission On Discharge 
ed blood count. 4,860,000 4,570,000 

oglobin .... 7.3 Gm. (50%) 14 Gm. (97%) 

ime of packed red cells.. 28.9 per cent 40.1 per cent 
corpuscular volume... . 8&8 cubie microns 88 cubie microns 

orpuscular hemoglobin.... 15 micromicrograms 31 micromicrograms 

corpuscular hemoglobin concentration 25 per cent 35 per cent 

» blood count 5,000 
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(case 5).—Adm 


Ive as compared with iron the 


COMMENT 
rom these experiments it seems clear that in idiopathic hypochromic 
ia the feeding of mixtures of beef steak and normal gastric juice 
thout effect on the blood. It appears that in this form of anemia 
is not lacking a specific substance of the sort that is absent 
in pernicious anemia. This is an important point of difference between 


two anemias, which, because of the many symptoms and physical 
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findings common to both and because of the occurrence of achlorhydri; 
in both, have frequently been compared. 
From the two experiments recorded, it is not possible to draw any 


conclusions concerning the influence of the normal gastric secretion on 


the absorption of inorganic iron. Further studies along these lines are 
in progress. It is of significance, however, that in the presence of the 
gastric deficiency which hypothetically permitted anemia to develop, the 
anemia was relieved by administration of large amounts of iron. 


SUMMARY 

Five patients with idiopathic hypochromic anemia were treated with 
beef steak digested with normal gastric juice, according to the method 
used by Castle in causing a remission in pernicious anemia. In no 
instance was there an increase in the percentage of reticulocytes or 
a rise of the hemoglobin, the volume of packed red cells or the red 
blood count. 

Following the administration in each instance of suitable amounts 
of iron ammonium citrate, the percentage of the reticulocytes rose 
promptly, and there soon followed a rapid increase of hemoglobin, an 
increase in the volume of packed red blood cells and improvement in the 
patients’ symptoms and general appearance. 
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namely, Prof. William Ophiils and Dr. David Wood of the department 
of pathology of Stanford University. 

A discussion of the clinical literature has been omitted because there 
have been so many clinical papers written on this form of toxicosis, 
and each paper has recapitulated all the preceding ones; another 
recapitulation would be a work of supererogation. Among the latest 
and the best of these papers are those by Weis,’ who has given a 
tabular summary of the essential data in all the previous clinical papers, 
and by Reah,? who summarized experiences in England and gave impor- 
tant hints. Dr. John V. Barrow of Los Angeles has fairly and con- 
servatively stated the case for and against cinchophen toxicosis in : 
discussion of the recent paper by Parsons and Harding.* In a word, th 
outstanding feature of the extensive recitation of the clinical histories of 
cases of this poisoning is the lesson on the dangers of self-medication. 
Commonly, the drug has been taken by a patient for some symptom 
or supposed disease, and occasionally it has been carelessly prescribed 
by a physician. Generally, large doses have been taken or given regu- 
larly for long periods and a total of 100 Gm. or so has been taken 
before deleterious effects have been recognized. Then an illness has 
occurred with dramatic suddenness, the outcome frequently being fatal 
and the liver being found markedly degenerated. Occasionally, severe 
effects and even death have been attributed to small doses. More 
important is the association with cinchophen toxicosis of such conditions 
as chronic arthritis, nephritis, alcoholism, protein shock, syphilis, 
carcinoma, disease of the gallbladder and pregnancy. Any one of thes 
conditions, however, might be sufficient in itself to injure or to destri 
the liver. There are other manifestations of cinchophen poisoning, such 
as the cutaneous, vasomotor and gastro-intestinal, which appear to be 
more prominent than the hepatic, and probably more constant, but they, 
too, are not peculiar to cinchophen. 

We have no desire to prejudice or to weaken the case against the 
evils of self-medication, or to make light of possible deleterious conse- 
quences of legitimate medication with this drug. However, before the 
clinical results thus far reported are scientifically acceptable, there must 
be more convincing evidence of a direct relationship between the cause 
and the effect, which so far has failed to be established by experimen- 
tation. The experimental results which we have obtained may be 
presented best under the general headings of chronic and subacut 
poisoning, according to the time elements involved. 


1. Weis, C. R.: Toxic Cirrhosis of Liver Due to Cinchophen Compounds: 
Report of Three Fatal Cases, J. A. M. A. 99:21 (July 2) 1932. 

2. Reah: Lancet 2:504, 1932. 

3. Parsons, L., and Harding, W. G.: California & West. Med. 37:30, 1932 
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artment CHRONIC POISONING 

Young white rats were given a whole synthetic diet * containing 
¢ there 5, 1 and 2.5 per cent concentrations of cinchophen and 1 and 2.5 per 
XICOSIS, nt concentrations of neocinchophen. The feeding was begun with rats 
another weighing about 50 Gm. and was kept up for twenty weeks with the 
e latest majority of the groups. Five rats of the same sex were used in a 
riven a rroup. Free access to the diet and to water was allowed. The rats 
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ist the hart 1.—Continued administration of cinchopl 
weight and in consumption of food. 
conse- 


were weighed weekly, and the food as often as necessary. Two groups 


rats kept on a diet of unmedicated food acted as controls. Careful 


; es were made on general behavior and on symptoms. The average 
rimen- : } ; ; ae aes ; 
; weekly changes in body weight, growth and consumption of food of 
ay eC as 59 i ee - ‘ 

" ll the rats, except those receiving 2.5 per cent cinchophen, are shown 
acul ‘ 1 
harts 1 and 2. Other data are summarized in table 1] 


; 4. The composition of the diet was: feed cornmeal, 68 per cet 
yunds: . ae sole 
ee meal, 10 per cent; dried ground alfalfa, 2 per cent; powdered ca 
hone ash, 1 S per cer 


; lard, 5 per cent; cod liver oil, 3 per cent; 
per cent. 
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nchophen (chart 1 and table 1).—The rats which received 2.5 per 

nt cinchophen died in from five to twenty days. Probably this was 
result of starvation, as the animals refused to eat this food; hence, 
results were discarded. Food containing the lower concentrations of 
drug was readily eaten and caused definite loss of body weight and 
of growth. The effects were demonstrable one week after 
feeding, and were seemingly present even with the lowest concentration 
ised, namely, 0.5 per cent. Retardation of growth was definite at the 
nd of one and two months. At the end of five months, the rats on 
per cent cinchophen in group II were approximately one-half the 
e, and in group I, two-thirds the size, of the controls. The median 


loss of body weight for rats in group II was 28.6 per cent, and for 


those in group I, 43.1 per cent. One per cent sodium cinchophen, which 


is the more soluble form of the drug, was given for nine weeks, « 
about one-half the time of the acid form of the drug, and the effects 
were the same, the median loss of body weight being 26.3 per cent. 

The decreased body weight and the retarded growth could not have 
been due entirely to decreased food consumption, although some of the 
‘ats given cinchophen tended to eat less. For instance, the rats on 
0.5 per cent cinchophen ate a median of 10.5 Gm. (range 8.1 to 
13.1 Gm.), and the controls, 10 Gm. (range 8.4 to 13.1 Gm.) daily. 
Yet the loss of body weight in these cinchophenized rats was definite 
though comparatively less than in the rats on 1 per cent cinchophen. 
The latter in group I ate a median of 8.6 Gm. (range 4 to 10.3 Gm.) 
daily. Again, the median daily consumption of food of rats given 
1 per cent sodium cinchophen was 9.6 Gm. (range 8 to 12 Gm.), which 
was similar to that of the controls, but the loss of body weight was the 
same as in rats of group I, namely, 28.6 per cent. Finally, the com 
paratively small decreases in the consumption of food of rats in 
groups I and II, namely, 14 and 11 per cent, respectively (compared 
with the intake of the controls), could not satisfactorily explain the 
comparatively greater losses of 28.6 and 43.1 per cent in their body 
weights. Hence, it is believed that, in the rats receiving cinchophen, 
there was lacking a correlation between changes in body weight and 
consumption of food, and therefore the loss of body weight is to be 
attributed principally to the effects of the cinchophen and not to lack 
of food. 

Aside from the losses in body weight and the stunting of growth, 
there were no definite manifestations of poisoning among the rats 
receiving cinchophen. In general, however, the rats receiving the drug 
were not as lively as the controls. One of the fifteen rats receiving 
cinchophen died, and another showed hematuria, but these phenomena 
were probably accidental. The urine of all cinchophenized rats was 
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from orange-red to red, owing to the presence of the drug or its prod- 
ucts, which was confirmed by Scheunemann’s test.5 This result indi- 
cated definite gastro-intestinal absorption of the drug. The urine of 
control untreated rats failed to react to this test. The van den Bergh 
tests for bile pigment and salts in the urine of cinchophenized rats 
were uniformly negative, as was also the heat-acetic acid test for 
albumin. The livers of all cinchophenized rats, obtained immediately 











Chart 2.—Continued administration of neocinchophen to white rats: changes in 


body weight and in consumption of food. 


after the rats were killed at the end of the experiments, appeared grossly 


and microscopically (frozen and paraffin sections) like those of the con- 
trol rats. According to the pathologists who examined the hepatic 
tissues, there were no evidences of pathologic changes. Therefore, the 
retarded growth and the loss of body weight of the rats that received 
cinchophen could not be attributed to injury or to derangement of the 
liver, whatever else might have been the mechanism of the action of 
the drug. 


5. Scheunemann: Arch. f. exper. Path. u. Pharmakol. 100:51, 1923. 
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Veocinchophen (chart 2 and table 1).—The therapeutic use of this 
in place of cinchophen has been advised in view of the reported 
urious effects of the latter. However, in our feeding experiments 

ith rats, the effects on body weight and on growth were the same as 
se of cinchophen. The loss of body weight and the stunting of 
wth were greater with the higher concentration, namely 2.5 per cent, 

with the lower concentration of 1 per cent. The median loss of 


weight during sixteen weeks of feeding of the 1 per cent concen- 
> 


ration was 15.7 per cent (range 5.6 to 


5 


ks of feeding of the 2 per cent concentration, 36.9 per cent (range 


2 ro . Vyary 
3 per cent), and during nine 


14.6 to 52.9 per cent). These changes could have been due only partly 
to diminished consumption of food, since both groups of rats ate little 
ss than the controls. Those given the 1 per cent concentration ate a 
lian of 9.3 Gm. (range 8 to 11.3 Gm.) daily, and those on the 2.5 per 

nt concentration, 9.8 Gm. (range 7.2 to 11.6 Gm.), or about from 
to 7 per cent less than the controls, which ate a median of 10 Gm. 
The weekly fluctuations in the consumption of food were some- 

less for the rats on 1 per cent neocinchophen than for those on 


»S 


2.5 per cent concentration and on the control unmedicated food. 
The comparatively small reduction in consumption of food was not 
surprising as far as palatability is concerned, since the ester is prac- 
tically tasteless, owing to its low solubility. The comparatively greater 
reduction in body weight may therefore be attributed to some systemic 
iction of the neocinchophen, as was the case with cinchophen. This is 
supported by the fact that decreases in body weight and in growth were 
reater with the higher concentration of neocinchophen used. 

Only one of the five rats receiving 1 per cent neocinchophen died 

fore the end of the experiment. In all other respects, such as general 
symptoms, biliuria, albuminuria and changes in the liver, the neo- 
cinchophenized rats showed nothing abnormal, just as was true of the 
cinchophenized rats. Chemical tests for the presence of the drug and 
ts products in the urine were positive, as with cinchophen; absorption, 


1 
} 


therefore, was definitely established. From these results, it would 
ppear that the stunting of growth was not mediated through some 
specific organ or function, but rather was general, as was the case with 
inchophen. 

Dosage of the Cinchophens and Its Significance (table 1).—It is 
teresting and important to correlate the doses of cinchophen and neo 
nchophen used in the feeding experiments for the production of 

mic poisoning just described with a number of factors in order to 


reciate the possible significance of the results obtained. We shall 


sider cinchophen first. The median daily intake per kilogram of 
ht ranged from 0.38 to 0.998 Gm. for from one-seventeenth to 
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one-ninth the span of life. The total amounts of cinchophen ingested 
per kilogram of weight during these periods were from 42.6 to 

Gm. (medians). These are enormous doses when translated into quanti- 
ties for a man weighing 70 Kg. with a span of life of 60 years. Accord- 
ing to the estimates made, the equivalents for such a man would be 
about as follows: the eating of poisoned (cinchophenized ) food for 
from three and one-half to six and two-thirds years; the ingestion of 
total daily quantities of the drug of from 26.6 to 69.9 Gm., and 
taking of a total quantity of the drug during the periods estimated of 


from 58.3 Kg., or 128.3 pounds, to 162.4 Kg., or 357.3 pounds. If on 
] 
i 


assumes that the effects in rats and in men are similar, there might b 
some decrease in body weight, or in young persons a stunting of growth 
which would be serious, but so far as deleterious effects on the liver 
are concerned, these would be negligible or nonexistent. But it 
scarcely conceivable that such enormous quantities of the drug could | 
taken for such long periods as was the case in the feeding of rats 
Even more important is the fact that the ingestion of such quantitic 
has not been recorded in any of the clinical reports of cinchophe: 
poisoning. In contrast with all these large estimated quantities are thi 
therapeutic doses, which range from about 0.01 to 0.03 Gm. to from 
0.15 to 0.3 Gm. per kilogram daily, commonly given in the intensiv 
treatment of rheumatic fever during the course of a day or for a num- 
ber of days. It is doses of this size that are mentioned in the clinical 
reports, generally for much shorter periods than could be tolerated 
according to our estimates. The significance of all this is that the 
toxicosis of clinical patients is concerned with, or conditioned by, some 
thing other than cinchophen. At least, the dosage of cinchophen which 
may be taken by a patient is not a criterion of the possible outcome, 
nor is even the period of medication or the clinical condition as a whol 
or that of the liver. 

What has been said regarding the human equivalents of factors 
with cinchophen applies equally to neocinchophen, except that the ester 
could be given more liberally. For instance, for a 15.7 per cent los 
of body weight, a man weighing 70 Kg. might have to take 48.5 Gm. 
of neocinchophen for six years, or a total of about 106.2 Kg. or 
pounds, of the drug. For a 36.9 per cent loss, occurring during thr 
and one-half years of steady medication, the same man would take about 
196.6 Gm. daily, or a total of 251.3 Kg., or 552.9 pounds (about 160% 
bushels). These enormous quantities, practically impossible of adminis- 
tration in practice, whether by self-medication or by careless prescribin 
merely emphasize the great resistance of healthy livers to this drug 
One possibility always remains, and that is incomplete absorption, which 
could more easily occur with neocinchophen than with cinchophen, s 
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such large quantities as are indicated by our equivalents would not 
wholly effective. Nevertheless, such equivalents were ingested with 
by the rats, as they might be by man, and, what is equally impor- 
the positive chemical tests showed that the drug was absorbed 
ler these conditions. This brings us to the subacute experiments 
n healthy and previously poisoned rabbits and on one animal given 
-hophen intramuscularly, which assured systemic absorption and 
The livers of all these rabbits were tested for functional eff- 
by means of a dye, and the majority were examined histological; 


1 


the same pathologists who examined the rats’ livers. 


SUBACUTE POISONING 
ighteen rabbits were used. The rose bengal test of liver iction, 
lescribed by Delprat,® was applied, 3 mg. of the dye per kilogram of 
weight being given intravenously and samples of plasma (cardiac 
1) being collected two, five, fifteen, thirty and sixty minutes after 
tion. The general plan of the experiment follows: 
was applied ; the rabbit was allowed to recover for one da’ 
cinchophen was administered gastrically by means of a suitable « 
and bulb three times weekly for periods of from one week to thirteen 
weeks, and the dye test was repeated at intervals during the course of 
lication with cinchophen. Generally a dye test was made af 


week of medication, and then after varying periods of from 
bout seven weeks. Intramuscular injection of cinchophen, di 
water with the aid of sodium hydroxide, was mad 


1 
showed some uneasiness after the injection. 


| in no essential respects from those produced | 
nd as parenteral administrati 
scale by Riechle,’ we did not continue t 
ns. After all, there were more importa 
ion for investigation. The rabbits poisoned witl 
th phosphorus received the dye test before 
f the poisons as well as af 


hese experiments will | 
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2.—Dosage and Hepatic Effects of Cinchophen Administered Oral 
Healthy Rabbits and in Those Previously Poisoned with Chloroform 
1. 


and Phosphorus 


Total 
Dose of Period 
Cinchophen, of Medi- Equivalent Hepatie Changes 
Gm. per cation, Period of — — - i 
Kg Days Human Life Functional Efficiencyt Morphology 


Cinchophen 
wks, Unchanged from control 
wks. Unchanged from control 


wks. Unchanged from control 


wks Decrease 
wks. Marked decrease 


wks. Inchanged from control 
yrs. Unchanged from control 
Unchanged after five li nuclear damage 
weeks of rest oe necrosis and hydrop 
degeneration 
wks. Unchanged from control 
mos. Unchanged from control 
3 mos. Unchanged from control 
Unchanged from control Focal necrosis; hydropic 
degeneration; some nucle 
damage 


Chloroform{ and Cinchophen 
wks. Same as after chloroform 
wks. Approaching control Normal 
wks. Approaching control Slight to moderate cl 
ling: questionable 
ng hepatic 
ration 
wks Unchanged from chloroforn 
yr. Tendency to some decrease Focal necrosis; hydropi 
degeneration; nuclear 
damage 
wks Same as after chloroform 
yr. Greater decrease than Cells swollen; glyoger 
after chloroform tration; karyolysis: q 
tionable beginning hepatic 
degeneration 
wks. Approaching control 
\, yrs. Unchanged from control] Slight cloudy swelling 


Phosphorus§ an inchophen 


wks. Approachi control 


wks. Approaching control Slight to moderate cl 
swelling 
3 wks Approaching control Moderate cloudy sw 
and congestion 
wks. Approaching control 
mos. Approaching control Slight cloudy 
Marked peripor 
‘loudy swelling an 
ation of liver cells; 
and hydropic degenerat 
Moderate cloudy swellir 
and detachment of cent 
definite hepatic 
degeneration 


Intramuscular injections. 

Results of dye tests in chart 1. 

Preliminary fifteen minute daily inhalations for one week 
§ Preliminary injections of phosphorus in olive oil for one week; total dose of phosphorus 
. per kilogram of body weight. 
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inchophen (table 2 and chart 3).—It is seen that the total doses of 
hophen administered during the first week to each of six rabbits 
nged from 0.3 to 0.6 Gm. per kilogram of body weight, or the 
lent of from 21 to 42 Gm. for a man weighing 70 Kg. during 
riod of eight weeks. The life expectancy of a rabbit is about eight 
irs, so that one week of a rabbit’s life is equal to about eight weeks 
1 man’s life (expectancy sixty years), and one year of a rabbit's 
fe is equal to eight years of a man’s life. Only rabbit 


ly 4, which 
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ever, the livers of rabbits 5 and 6 showed pathologic changes, namel 
focal necrosis and hydropic degeneration after total doses of 2.4 
5.2 Gm. per kilogram, respectively. These morphologic changes in the 
liver were interpreted by Drs. Ophtils and Wood as mild, scattere 
injuries. However, when these changes are compared with the generally 
less severe or negligible, though variable, changes in the livers of rabbits 
vhich received chloroform and phosphorus in addition to similar doses 
of cinchophen, to be discussed presently, the precise significan 
these mild hepatic injuries from cinchophen alone is not easily or va j 
determinable. It is to be noted that rabbit 5 received the drug intra- 
muscularly, but rabbit 6, which received it gastrically, showed the same 
changes. Unfortunately, histologic study of the livers of the remaining 
rabbits was not made. Tests for bile in urine were not made, but the 
appearance of the urine was not unusual or abnormal. 
The equivalents in total dosage and period of medication for a man 
— 70 Kg., according to the same factors in the extended i 
ation 1 of these rabbits, were estimated about as follows: From 
or from 2% to 1144 ounces, of cinchophen might be 

during periods of from sixteen weeks to one and one-third and two 

Such continued medication might occur under clinical conditions, 

so, most likely for a short period, such as sixteen weeks, which 


has been reported. The highest dosage would correspond to the taking 


about 7.5 grains (0.5 Gm.) daily for two years without functional 


impairment of the liver, but possibly with some mild scattered morpho 


9 grains (0.54 Gm.), or practically 


aken each day for fou 


and chart 3).—Dail 

to produce complete anesthesia (complete relaxation and 

lition of reflexes) for fifte mi ; ring seven consecutive day 
given to six rabbits before the cinchophen was administered 
ate though definite impairment of hepatic functional efficiency 

in every anesthetiz rabbit, as might have been expected 

ere were increases of ihaode from 5 to 20 per cent, occasionally 30 per 
in the dye content of the blood, and delays of about ten — 


T r e 7 
mmplete removal. Then followed 


medication with cinchoy 
doses of from 0.6 to 2.8 Gm. per kilogram of body weight, 
: dye tests were repeated. 
It is seen that after the first week’s medicati 
kilogram, the functional efficiency of the liver 
ined about the same as after chloroform in three animals 
1 the control levels in three othe 


cinchophen not only did 
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ise the injuries to the liver produced by chloroform in the first 
rabbits, but appeared to facilitate recovery of the livers from the 
ies of chloroform in the other three rabbits. When the total dosag« 


- kilogram at the end of forty-five, forty-four and fifty-two days, 


cinchophen in rabbits 10, 11 and 12 reached 2.4, 2.4 and 2.8 Gm 
I 


‘tively, there was a definitely greater decrease in the function of 


liver than after the administration of chloroform in only one rabbi 
bbit 11). In rabbit 10 there was only a tendency to some d 
unctional efficiency, and in rabbit 12, which received 
or 2.8 Gm. per kilogram, the dye test showed no chang 
control results before medication of any kind. 
\s for abnormal changes in morphology of the liver, 
bbit 10) of the six rabbits in the group given chlor 
hophen showed evidences of injury similar to the injury i 
| 6, which received cinchophen alone. The changes i 
| of focal necrosis with hydropic degeneration and n 
remaining five rabbits in the group given ch 
the livers of four were examined. 
11 and 12) showed questionable begin 
as indicated by slight to moderate cloudy sv 
2.8 Gm. of cinchop 
appeared entirely 
The appearances of the 
with the injured livers of ral 
s in tl 
and Wood, the livers of 


normal, and 


1e department of patholo; 


. eT eee, Fe 
ed practicall 
a oe oo eee aa 
instances, WOuld allow complete reco 
£ ] a 
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one and one-sixth years with practically no, or only questionable, func- 


beings and of rabbits are assumed to be the same. These doses might 
correspond to the therapeutic doses for some chronic conditions, such as 
arthritis, neuritis and neuralgia, for which a patient might take a littl 
over 7 grains (0.42 Gm.) daily uninterruptedly for one year and tw 
months, and his liver, if healthy, would not be less sound than befor 
such medication. However, it is in cases of chronic illness, perhaps 
infectious in character, that toxins or metabolic products might con- 
ceivably predispose the liver to injury by cinchophen, in ways different 
from the action of chloroform, and not revealed by its use. 

Phosphorus and Cinchophen (table 2 and chart 3).—Six rabbits were 
given daily injections for seven days of fresh solutions of yellow phos- 
phorus in olive oil, of a total for each rabbit of 6 mg. of phosphorus per 
kilogram of body weight. All the rabbits showed definite though 
moderate functional injuries, as indicated by the results of the dye tests 
Two animals (rabbits 17 and 18) were not given cinchophen, being used 
as controls for evidences of morphologic injury in the liver, together 
with other controls in the department of pathology: Both livers showed 
marked periportal necrosis, cloudy swelling, vacuolization of liver cells, 
detachment of central cells and fatty and hydropic degeneration, or, in 
other words, a composite picture of hepatic degeneration. Four others 
(rabbits 13, 14, 15 and 16) were given cinchophen gastrically in total 
doses of from 0.6 to 1.6 Gm. per kilogram after the injections of phos- 
phorus. The results of the dye tests in all rabbits approached those 
in the controls; cinchophen did not aggravate or reduce further tl 
decreased hepatic functional efficiency caused by the phosphorus. The 
effect of the cinchophen medication might be regarded as beneficial (and 
it certainly was not injurious), owing to the approach to the normal 
functional state of the liver. However, the tendency to natural recover 
from the injurious effects of phosphorus must be recognized as 
important factor in these tendencies toward a normal condition, becaust 
the approach to normal occurred in rabbits 17 and 18 without cinchophen 
medication. Nevertheless, the treatment of phosphorized rabbits wit! 
cinchophen could not be regarded as detrimental to the dye-excretor 
function of the liver. 

Interestingly, there was also a comparative absence of morphologi 
injuries in these livers. For instance, the liver of rabbit 16, whic! 
received the highest total dose of cinchophen, or 1.6 Gm. per kilogram 
was practically normal, or showed only a slight cloudy swelling. Th 
livers of rabbits 13, 14 and 15 showed only slight to moderate cloud) 


swelling amounting to slight parenchymatous degeneration, or were 


practically normal. In fact, the interpretation of the changes present 
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it difficulties to the pathologists in their attempt to decide whether 
se livers should be regarded as pathologic or as normal, because such 
. change as slight cloudy swelling may easily be an artefact and may 
encountered in normal tissues. On the other hand, the livers of two 
hosphorized animals (rabbits 17 and 18), which were not treated with 
cinchophen, showed the marked pathologic changes described, as though 
the absence of cinchophen medication left the hepatic tissue permanently 
maged. Accordingly, it is tempting to suggest that there was a corre- 
tion of the coincident functional and morphologic changes in the liver 
inder cinchophen when the results indicated approaches to the normal 
or control state. However, we are inclined to attribute beneficial effects, 
under the conditions, to spontaneous recovery and repair of the liver. 
The equivalents in total dosage of cinchophen and period of medi 
cation for a man weighing 70 Kg., based on the data for the phos- 
phorized rabbits, were about as follows: preliminary daily poisoning 
with injections of yellow phosphorus in total weekly doses of 420 mg. 
for a period of eight weeks followed by continued medication with 
inchophen until a total had been given of from about 42 Gm., or 
ounces, for two months to 102 Gm., or over 3 ounces, for eight 
mths. This would be the equivalent of the daily ingestion of from 
ibout 10 grains (0.7 Gm.), or two 5 grain tablets of cinchophen, for 
two months to about 6 grains (0.4 Gm.), or two 3 grain tablets, for 
eight months. This would seem a considerable amount of medication 
to be tolerated by a body already severely injured by a potent poison, 
1amely, phosphorus. Yet, all this might be done without apparent 
letriment to the liver. 


EXPERIMENTAL RESULTS OF OTHERS 


The results of our own experiments with the feeding and the 
idministration of cinchophen to animals indicate the lack of an ad 
late experimental basis for clinical cinchophen toxicosis, except possi- 
the effects of extremely large doses beyond the rapeutic possibilitie Ss. 
was thought desirable, for a more complete treatment of the sub 
t, to consider here the experimental results of others published while 
r work was in progress. Certain of the results take care of 
own work, such as the limited use of parenteral administration 
1 


omission of the use of dogs, and other results illustrated 


‘ding to other procedures. Most of the other investigators 


d to indicate the equivalents for man of the dosage of cinchophen 


the period of medication in their experiments. Thus they hav 

| to indicate the significance of their experimental results for human 
lication, except for general statements or opinions of possibilities 
hese equivalents have been estimated by us and put together with the 


ificant data and results of these authors in a concise summarv in 
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table 3. A short comment on this summary will suffice in view of t 
correlations with our results already attempted. 


Practically all the authors have granted the difficulties of establishing 
frank injury to the liver with doses of cinchophen wi 


thin the therapeut 


Lal ic 
Summary ¢ f Experimental Potsonin 7 and In jury to the Lit er 
a t J J 
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Cloudy swell- 
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psy materials, but with essentially negative results. Consequently, 
is justifiably concluded that the hepatic injuries seen in clinical 
hophen toxicosis are possibly conditioned by a hypersensitive stat 
failed to obtain specific injury to the after par 
~utaneous) administration of enormous total doses, such as the 
ents of from 70 to 140 Gm., or more than from 2 to 4 ounces, 
at once, and as much as 280 Gm., or 9 


third months, Reichle investigat 


unces, given in five and 


tion and rendering of the liver glycoget 


ning, but again with negati 


} 


latter experiments, 
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Myers and Goodman have probably made the most satisfactor 
attempt at determining the changes in the liver because of the individ 
character of their controls. They removed surgically portions of hey 
tissue from their dogs and rabbits before giving the cinchophen, during 
medication and again at the end of it. All their animals were kill 
the livers of dogs showed moderate changes, greater discreteness a1 
coarseness of granules in the cytoplasm of hepatic cells and some deg 
of chromatolysis in the nuclei, which an expert pathologist thought were 


leviations from the normal. There was no cellular destruction, and no 


evidence of fat. In rabbits, the changes were still less marked. Th 


‘ 
changes in the liver in dogs were readily reversible, since withdrawal of 


the drug resulted in recovery. Bile was absent in the urine at al 
However, the dosage of cinchophen and the periods 

the experiments of Myers and Goodman tended 

excessive. Our estimates indicate the following eq 

weighing 70 Kg.: totals of from 147 to 294 Gm. to 

1.6 to 3.3 Gm. to 8.1 Gm. daily for about three 

the doses for dogs, and a total as high as 1,470 Gm., or 4 Gm. d 
for one year, according to doses for rabbits. The lower levels of tl 
(such as 147 and 294 Gm.), which are high and the period 
‘ation, would about correspond to those of some clinical report 


highest doses, such as 735 and 1,470 Gm., would be excessiv 


the abnormalities in the livers were no more pronounced aiter 
the highest than after the lowest doses. These considerations leave u 


1 


somewhat skeptical of the significance of the comparatively slight or 
moderate abnormalities in the liver, in the absence of functional changes 
in the experiments of Myers and Goodman, despite their carefully con 
trolled experiments. Such results have scarcely anything it 

with the much more severe changes claimed to exist in clinical t 


which frequently have been fatal. Therefore, they seem to us inz 


and unsatisfactory as an experimental reproduction of the 
in clinical cases. 
The net result of our consideration of the results of 
experimental cinchophen injury of the liver comparable to 
clinically has not yet been accomplished with doses of cinc 
come within the therapeutic range, and that a predisposition or sensitiza- 
tion to such injury from the use of hepatotoxic agents has not been 


a ] ee cei cs i ed 
Large doses of cinchophen, which probably would 


tolerated and would never be prescribed cli 
liver to a small and variable extent, but the 
limited to the liver. In fact, they speak 
the healthy organ to the drug. In-all essentia 
mental results of others are in agreement with our results 


‘sS 





LEHMAN-HANZLIK—CINCHOPH OXICOS| 489 


ive, except as already noted. It now remains to comment on 


ers of general significance connected with the phenomena of experi- 
and clinical poisoning from cinchophen 


iS 


COMMENT 


hroughout this paper we have insisted on the absence of a demon- 


cause and effect correlation between continued administration of 
hophen and hepatic injuries, such as has been claimed to exist 
er the strenuous insistence on such a relationship in the clinical 
rts, we were disappointed in “| ible to discover a correlation 
ur own experimental results and in those of other In view of 

| that has been considered, it seems hardly possible that cinchophen 
iid destroy more hepatic tissue, say 80 per cent or more, than is 
be necessary tor the suspension or destruction of hepatic 
And it should be remembered that a fatal outcome in clinical 
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mon ground with many other drugs, such as alcohol, borates, arseni 
fluorides and thallium. The effects are those of chronic intoxicati 
and their occurrence is not surprising, since all drugs are potentially 
toxic. None is necessarily injurious, however, if used judiciously 
The important question is whether or not the reported hepatic 
injuries from cinchophen medication are properly to be attributed 
direct action of the drug when it is used in doses within therapet 
limits and conditions, including the intensive and often repeated d 


for antirheumatic medication. From the negative experimental 


dence, and from the fact that cinchophen has been used for years wi 


known benefits in different conditions, notably in gout and rheumati 
fever, it would seem that the ordinary medication with cinchophen is 
practically devoid of harm and capable of rendering benefits. Finally 
there has been oversight of the fact that clinical cinchophen poisoning 
is sporadic and capricious, considering the use of the drug under al 
conditions by hundreds of thousands of people during a score of years 
Many physicians have never seen a case of toxicosis from cinchophen 
The effects of the large therapeutic doses tried experimentally d 
not come into consideration in this problem, any more than would 
doses of similar magnitude of any number of other drugs ordinaril 
used safely in therapeutics. For instance, the heavy metals used in th 
treatment of syphilis, such as mercury, bismuth and the arsenicals, cai 
injure and even destroy the kidneys, if used injudiciously, but thes 
drugs are given annually to hundreds of thousands of patients without 
serious injury. 

alkaloids, narcotics and other drugs, are potentially far more toxic t 
viscera than are the cinchophens. 

The undesirable consequences of far-fetched strictures on cinchophen 
medication are the possible deprivation of patients of a useful remedy 
and the dangers of medicolegal complications resulting from legitimate 
medication. On the other hand, no one should condone or encourage 
the uncontrolled or indiscriminate use of, or promiscuous self-medi- 
cation with, cinchophen or proprietary products containing the drug or 
its derivatives. But these matters, which unfortunately require fre- 
quent reiteration for the sake of sound therapeutic principle and prac- 
tice, can be emphasized regardless of the toxic potentialities of the drug 


SUMMARY AND CONCLUSIONS 
1. Clinical cinchophen toxicosis, especially the injury to the liver, 
has been found to lack an adequate experimental basis establishing 2 
direct relation of cause and effect. 
2. Evidences of injuries were absent in white rats under continued 
medication with large and extratherapeutic doses of cinchophen and 
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recognized. For these and other reasons, the uncontrolled, indiscri 
nate or promiscuous use of cinchophen, or of products containing 
or its derivatives, and especially self-medication, should not be condon 

or encouraged. Legitimate and ordinary therapeutic medication, includ- 
ing the intensive treatment for rheumatic fever, given under the direc- 


tion of physicians, is generally safe and capable of producing 


known benefits. 





Book Reviews 


Dietetics for the Clinician. By Milton Arlanden Bridges. In collaboration with 
Ruth Lothrop Gallup. With a Foreword by Herman O. Mosenthal. Price, 
$6.50. Pp. 666. Philadelphia: Lea & Febiger, 1933. 


Having engaged in full-time hospital work for five years and in postgraduate 
hing, the author presents this book to supply a need for more practical and 
iled dietary advice than is usually contained either in the textbooks of physiology 
those of medicine. A large number of useful tables compiled from reliable 
irces are presented, together with many practical dietary suggestions. The 
nerous menus, as well as a section entitled “Foods from a Culinary Standpoint,” 
contributed by Miss Ruth Gallup. 
rious sections covering the dietary matters affecting the specialties are written 
thers than the author. An introduction and an excellent section on Bright's 
ease are by Mosenthal; the subjects of infant feeding and dietetic management 
liseases of children are by Saxl. Other contributors and their topics are as 
ws: Spain, allergy; Lawton, college athletes; Short, diabetes; Blake, dentistry ; 
keslee, epilepsy; Hinton, goiter; Nilsen, otolaryngology; Brenner, surgery; 
Carter, surgery; Ruppe, tuberculosis; Freund, rectal disease; Marks, vitamins; 
wnsend, genito-urinary disease; Sherwin, physiology of digestion; Ayres, derma- 
gy, and Hyams, obstetrics and gynecology. 
[he chapter on vitamins provides an excellent brief review of the subject with 
‘sting emphasis on partial dietary insufficiencies as opposed to the high grade 
vitaminoses. The recent independent reports of Szent-Gy6rgyi and King with the 
onstration that vitamin C is not a derivative of narcotin, as stated, but hexuronic 
1, were made presumably too late for inclusion. 
rhe subject of diet is rapidly becoming more important as the newer knowledge 
itrition accumulates, but when one departs from general principles and attempts 
prescribing of diets for specific diseases, as in this book, it is impossible to avoid 
tentious matter. This is recognized by the author. Much of modern diet therapy 
re empiricism without physiologic or laboratory data to confirm or disprove it, 
hus it is improbable that any single diet will meet with whole-hearted approval 
ithors have attempted to replace tradition by reasoning from general principles, 
they fall short, as is admitted, in many cases. 
point of view is a sane one but somewhat less critical than might be desired, 
ularly in several of the special sections. The Gerson, salt-poor, low protein 
or in i ‘ ( for everything from 
sis, for which it was introduced, to, exophthalmic goiter, pernicious anemia 
s, arteriosclerosis and infantilism. Absurdities are probably inevitabl 
of this kind in which many authors with varying degrees of kno 
on are involved. For instance, it is stated that “fermentable foods 
tendency to gaseous formation should be limited” after operations 
Yet among the foods recommended are bread, pies, pastries and candy 
ust ask what foods, if not these, are fermentable, also whether the author 
rmed that intestinal gases arise for the most part not by the fermentation 
ods but by secretion into the bowel from the blood ild be possible to 
umerous similar examples of inconsistency in this book, but no more than 
ay find in the diet procedure of any one of the leading medical centers. A 
serious criticism is the lack of attention to quantitative considerations. A 
on error in medical practice, and one not avoided in this book, is to consider 
en as equal in regard to requirements for food, whereas in this matter at 
there is quite accurate information, and one should appreciate the wide varia- 
the calories required, depending on the size, age and sex of the person 
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The Child and the Tuberculosis Problem. By J. Arthur Myers, Ph.D., M.D., 
F.A.C.P., Professor of Preventive Medicine, University of Minnesota; Chief 
of Medical Staff, Lymanhurst School for Tuberculous Children. With an 
introduction by William P. Shepard, M.D., F.A.P.H.A., Welfare Director, 
Western Division, Metropolitan Life Insurance Company. Cloth. Price, $3. 
Pp. 230, with 21 illustrations. Springfield, Ill.: Charles C. Thomas, 1932. 


Myers reemphasizes the relative importance of tuberculous infection in childhood. 
He does this in such a way that any layman who is interested in the welfare of 
the community can understand the source of infection, the accepted means of 
diagnosis and the essentials in prevention and treatment. The problem of tuber- 
culosis is so bound up with social and economic difficulties that progress in the 
solution of this problem can be hoped for when every nurse, every social worker 
and most fathers and mothers are familiar with at least the main facts of this 
all too common disease. 

While the subject is covered in all its various aspects and furnishes an excellent 
guide, particularly to parents and teachers, one feels a rather wide gap between 
that part which deals with infection and diagnosis and the relatively emphasized 
institutional treatment. It has been true in the past, and will probably continue to 
be true in the future, that most patients with tuberculosis, whether adults or 
children, will be treated at home. A special chapter dealing with the indications 
for treatment at home and the details of such treatment could be added with 
advantage to an otherwise well planned and very satisfactory popular textbook. 


Ninth Annual Report of the Ella Sachs Plotz Foundation for the Advance- 
ment of Scientific Investigation, 1932. 


Attention is called to the original statement regarding the purposes for whicl 
the fund of this foundation would be used: 1. For the present, researches will 
be favored that are directed toward the solution of problems in medicine and 
surgery or in branches of science bearing on medicine and surgery. 2. As a rule, 
preference will be given to researches on a single problem or on closely allied 
problems; it is hoped that investigators in this and in other countries may be 
found, whose work on similar or related problems may be assisted so that more 
rapid progress may be made possible. 3. Grants may be used for the purchase oi 
apparatus and supplies that are needed for special investigations, and for tl 
payment of unusual expenses incident to such investigations, including technical 
assistance, but not for providing apparatus or materials which are ordinarily 
part of laboratory equipment. Stipends for the support of investigators will be 
granted only under exceptional circumstances. Applications for grants for the 
year 1933-1934 were to be sent to Dr. Joseph C. Aub, Collis P. Huntingt 
Memorial Hospital, 695 Huntington Avenue, Boston, so that they might be in the 
hands of the Executive Committee before May 1, 1933, and were to include state- 
ments as to the character of the proposed research, the amount of money requested 


and the objects for which the money is to be expended. 


Criteria for the Classification and Diagnosis of Heart Disease. By t 
Criteria Committee of the Heart Committee of the New York Tuberculosis 
and Health Association, Inc. Third edition. Price, $1. Pp. 131. New Yor! 
Tuberculosis and Health Association, Inc., 1932 
Efforts to arrive at a uniform nomenclature and uniform criteria for using the 

nomenclature have not proved successful in the case of every disease. Particularly 

is this true of nephritis and arthritis. Numerous classifications of these two 
liseases have appeared. To date, none is satisfactory; at least, none is cathol: 

The Criteria Committee of the Heart Committee of the New York Tuberculosis 

and Health Association, Inc., has been eminently successful in establishing a 

standard, universally applicable classification for heart disease. This classification 

is based on clearcut criteria determined by experts after exhaustive study. Onl) 
those who have indulged in the tedium of serious statistical endeavor and have 
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rienced that sense of lack of confidence in their labor because of the inade- 


es and variations of faulty nomenclature can fully appreciate this classification. 


It is practically fool-proof. It is a concentrated summary of diseases of the 

art. Added to this edition is an appendix, consisting of two sections: (1) “A 
le to Radiological Diagrosis in Heart Disease,” by Geza Nemet, and (2) “The 

riteria for the Interpretation of Electrocardiograms,” by Arthur De Graff. 


> 


Traitement médical des ulcéres gastro-duodénaux. By Pierre Oury and J. 
Mézard. Price, 15 francs. Pp. 54. Paris: Gaston Doin & Cie, 1933. 


This small volume presents first a brief discussion of the ulcer syndrome. The 
authors divide the expressions of gastric ulcer into four types: the dyspeptic or 
painful form; the hemorrhagic form; the form in which vomiting occurs, and the 
classic form, which, they add, is decidedly rare. The roentgenologic findings and 
the laboratory examination are then discussed. The next chapter is devoted to the 
omplications of peptic ulcer; it is divided into six main heads according t 
the various types of complications that may occur. The last of these complications 
liscussed is that of cancerous degeneration of the ulcer; it is noted that Americans 
laim that from 40 to 70 per cent of gastric cancers result from preexisting ulcers, 
whereas the French consider the proportion to be not more than from 3 to 5 
per cent. The third chapter is on the diagnosis of the disease, and the succeeding 
four chapters discuss various types of treatment. The therapeutic advice that the 
iuthors give is sane and sensible and adheres relatively closely to the methods 
irried out in this country. Unusual types of treatment are dismissed with a 
few critical words, usually rejecting as inadequate the fundamental basis o2 which 
such treatments are based. The book is to be commended as a practical exposition 
of the subject. 
Modern Alchemy. By W. A. Noyes and W. A. Noyes, Jr. Cloth. Price, $3. 
Pp. 197. Springfield, Ill.: Charles C. Thomas, 1932. 


Under this alluring title the authors discuss in a brief but entertaining manner 
the miracles of modern chemistry and medicine. The philosopher’s stone was, to be 
sure, a hoax, but true science has forced from nature not only grander but mors 
picturesque secrets than Cagliostro ever dreamed of. This, in a word, is the 
authors’ thesis— perhaps a little platitudinous—and the metaphor does seem 
strained when in the final chapter, entitled “The Elixir of Life,” one finds brief 
remarks on the processes of disease, immunity, hormones and the like. The 
reviewer resents a little the implied slight to the alchemists, since they, after all, 
only represented art, which should not be compared with or criticized in terms 
f science; leaving aside, however, these considerations, the book is really a1 

ellent exposition in simple terms of important problems of “natural philosophy” 

connection with which developments have been made so quickly that most of 
us have not kept up. One learns, for example, about the structure of atoms, th 
hemistry of radioactive substances and electrochemistry, with sidelights here and 
here on the practical application of this knowledge. The writing is in a pleasant 
style, and the format is attractive. 


Asthma, Hay Fever and Related Disorders: A Guide for Patients. By 
Samuel M. Feinberg. Price, $1.50. Pp. 124. Philadelphia: Lea & Febiger, 
1933, 


[It is the purpose of the author of this book to furnish a guide for patients 
iffering with asthma, hay fever and related disorders. He deals chiefly with 
nchial asthma, but includes also hay fever, vasomotor rhinitis, cutaneous dis- 
rs and other manifestations of allergy. The book includes a brief historical 
review and a discussion of the etiology, complications and treatment of these 
rders. The author has made available to the patient much valuable informa- 
concerning the problems of diagnosis and treatment which should promote, 
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therefore, a much better understanding and cooperation between the patient and 
the physician. Especially valuable is the discussion of daily contacts with possibly 
offending proteins, which includes a history of foods and the more common air- 
borne substances. 

A criticism which might be offered is that in the effort to give information of 
value both to the physician and to the patient, certain phases of the book may 
perhaps prove too comprehensive for the average patient. 


La néphrite expérimentale 4 l’urane. By F.-J. Traissac. Pp. 187. Bordeaux, 

France: Librairie Delmas Bordeaux, 1933. 

Following the injection of uranium nitrate into rabbits there is noted a syndrome 
which resembles nephritis in man. Grave anatomic alterations are produced in 
the kidneys. Diuresis, a diminished elimination of phenolsulphonphthalein and 
acidosis occur. There is a glycosuria (of renal origin). In the urine are albumin 
and casts; the urea and cholesterol of the blood are abnormally increased. There 
is also definite evidence of damage to the liver, so that the name “hépato-né phrite 
toxique” is applied. In attempting to explain these phenomena, the author expresses 
the belief that the damaged liver is responsible for the disturbed metabolism of 
nitrogen and fat, and that the albumin excreted probably originates in lesions of 
the liver. The excretion of the albumin depends on alterations in the vessels 
of the kidney. Observing that the administration of insulin reduces the nitrogen 
of the blood and the hypercholesteremia in rabbits, Dr. Traissac suggests the 
possibility of the treatment of nephritis with insulin. 


The Duodenum. By Edward L. Kellog. Price, $10. Pp. 855. New York: 
Paul B. Hoeber, Inc., 1933. 


The collection between two covers of information which otherwise must be 
sought in widely scattered quarters wins the gratitude of every physician. This 
task Dr. Kellog and his collaborators have achieved in notable form with reference 
to the duodenum. The reviewer was especially impressed by the chapters dealing 
with the less common disorders: abnormalities of position, diverticula, fistulas, 
injuries, hernias and tumors. These subjects are treated in monographic form, 
with a historical review, abstracts of the literature, case reports and a general 
discussion. One finds much material which otherwise would have to be laboriously 
sought in the periodical literature. The sections on anatomy, physiology and 
methods of study, as well as those on the more common disorders, such as ulcer, 
are also satisfactory. The volume concludes with a chapter on surgical procedures. 
The bibliography of about 3,000 titles is carefully selected. Apparently no pains 
have been spared in making the format attractive, and a rich collection of illustra- 
tions enlivens the text. 


The Tides of Life. By R. G. Hoskins, Ph.D., M.D., Director of Research, 
Memorial Foundation for Neuro-Endocrine Research; Research Associate in 
Physiology, Harvard Medical School. Price, $3.50. Pp. 352. New York: 
W. W. Norton & Company, 1933. 


Many popular books have been written about the glands of internal secretions 
which are full of fallacies and half truths. Here, however, is a volume written 
by a recognized authority in a popular vein, so that any one eager to know of 
the recent fascinating advances in this subject will find it interesting and instructive. 
The book is well written, the subject matter is interestingly told, and, on the 
whole, the attitude has been conservative and with an eye to the truth. 

To the large reading public interested in the internal secretions and to those 
who want to learn more of the recent accumulation of knowledge, this book is 
highly recommended. The author, possibly because of his training as editor of 
Endocrinology, has struck an excellent balance so that scientific facts are shorn 
of their technicalities but have lost little of their accuracy. 





